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I understand that the Missouri Department of Natural Resources 1s
currently negotiating with St Joe Minerals i1n an attempt to develop

a solution to the environmental problems posed by the Desloge site

The region has 1ndicated to the State that we wish to be kept informed
about the status of their negotiations, however, I believe that 1t 1s
1nappropriate for our agency to take any action (such as federal
enforcement, use of superfund, etc ), unless the State 1s unable to
reach a reasonable agreement that will provide a long-term solution to
the problem I have therefore asked the Ai1r and Hazardous Materials
Division to take the lead on this activity until we decide that some
other actions are warranted I w1ll expect ARHM to maintain close
contact with the State during this period and to keep me and other
divisions--particularly Enforcement and S&A--informed about the status
of the State's negotiations These divisions should also be given the
opportunitv to review Missouri's agreement with St Joe before we
develop our firal regional position on this 1ssue

[ have been impressed with the effort that Bi1ll _Ward 1in particular has
put 1nto this project I am requesting Enforcement to continue to make
him available for assistance and I am encourag1ng ARHM to take advantage
of the work he has already done

Please let me know 1f you have any questions or comments

cc C Hajginian
B Ward "
B Keffer
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Dacember 14, 1981

St Joo Mincral's A rocment with MDNR on Liability and Remedial iAction
for Lead Mine Tailings Site at Desloge, Missourdi

Xaren Flourmoy, HAZ4/T35

—

Robert L. Horby, Chier, HAZM

THRU  Katle Biggs, HAZM/TSS-CR&A

i Dannis Degner, HAZ.4/TSS-PMTS
This meno summarizes developments with the abandoned lead mine tailirgs
alte at Desloge, Misgouri and raviews the agreemeni betweea St Joe
Minerals Corporation, Missourl Department of Matural Resources and cther
agencies to clean-up/atabilize the site The initial review was by

Paul Doherty with additional review by myself

I Background

Lead mine tailings were deposited at the Deslo.e, Migsouri site by St Joe
Minerals Corpoiation for 29 yesars, between 1929 and 1958 The site covers
approxinmately 500 acres The tailings are reportedly 2 - 4 percent lead
and are piled to depths of up to 100 feet inside a horseshoec bond ot tne
81z River

In 1972, the property was donatel by 5t Jo2 dinerals to St Frarcols Counc,
The Ceuntv in turn donatad tne land to the St Frar.oils Ccuntr Z-virsna_ntal
Corporation, a non-profit or,anization for the puvpose of estahlishinz a
sanitary landfill on the site lUp to this tim= 1t is reported that the
tailings site had been adejuatel; maintained with no apparcent inctdents of
tailing plle washout or ercsion into the Big River

In 1977, a major waanout occurred, reportedly as a result or a blork 4 draira,e
stractura and neglected maintenance It is estimated that up to 50,V90 cublc
yards of lead tailin,s washed lato the 3ig River. Minor v.~csion has contirued
up to the prosent time addin, to tae tailiagse deposited in tha River

Followin, the washout incident, several stulies were urdertas.n to aser o
the extant of aensironmental damage ana etplare raucdial activn altcraatives

In late 1977, EPA/SVAN conductad an i{nteusive survey or tie B{z River Tie
general tindinz was that the B8lg Rivar was degraded by mine tailings, mainly
48 a result of physical channses rather than toxzicity It {3 reported that

aine tailing deposita are tne primary constituent of the gtream bed tor sevaral
miles downstream of the tailinzs pile

ARIM/UAZM~TSS PDobertv KI'lournoy lmh x6531 10-16-81 evl2-14-b1 Dish H

TSS TSS TSS HAZ 1
Flourney Bi,zs De ner Morby



- [‘——. —
& : &
Ia Jun§,1979. a study was initiated by the University of Missourl to evalaate

the present and potantial problems of the site and to propose eolutions to
thege problems  Their report was issued Ln January 1980

A July 13, 19280, study by the Missourl Department of Conservatioi reported
alavated levels of lecad in the flesh of sucker fish downstieam from tha
tailinga pile As a result of these findings the Missours Deparraent of
Health igsued a warning to the public against eating botton faeding fish fn
this area -

Sinca the occurrence of the washout incident a number of meetings have been
held among intsrested agencies to coordinate mitigation efforts Up until
last year, enforcement action against St Joe Minerals was conaidered as
the noast likely course of action by gseveral of these agencies The Corps
of Engineers (COP) referred the case to the Department of Justice (DQJ) in
late 1978 To date, no action has baen takea by the DOJ on this referral
In 1980, the recommendation from EPA/ENFC called for immediate enforcement
action under Section 311 of the CWA and Section 7003 of RCRA The aite was
recommended for listing as an uncontrolled site by EPA, COE, and the
Department of the Interior for potential Superfund action

In late 1980, MOHR begzn negotiating with St Joe Mineral Corporatfon for
voluntary cleaa~up of the mine tailling site As a result of thase negotia-
tions, and tha fact that nining wasta became excluded from the hazardous
waste regulation (Noveaber 19, 1930), tne Reglonal Qffice agreed to 3uspend
farther enforcemenr actiaong until tbe vesilts of these ne,2t*atling beraine
k1ww.m  Tae Agency alio agreed, at the request of lDI'", to dran the

Desloze Lead Mine Tailings Sit. froa the liat o€ r1controllel sicze  Taz
ne,otiations continuad frea laz2 1980, uetil wugusr 1931 It 1, understood
that the principle stumbling biucks to nagotlating the f£inal ajrcemint weve

1 Reconciliacion of St Joe finetals' past and future ligbi.lry for the
gsit2, and

2  Assigning responsipility for future site maintenarce

The flnal negotiated agreement, “Covaenant Wot to Sue” between the St Joo
inerals Company, St Francols Fnvironaantal Corporation, State Departaent
of Natural Resources, State Clazan Water Coumission, State Congervation
Commission, and State Attorney General's Office was signed on Septemper &
1981

I1 The Agreement

The format or tha Agreement, titled "Covenant Yot to Sae”™ 18 in three baaic
parts  These parts cdan be described as

1 Summary statemantcs on the hisrory of the asite aid wasaout incident

2 Statenents of liability, resnongibillity and sae-ption “rozo furLars
lig*zaticn 2nd

3 Peseri~tion or rex dfal 1ction work
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The first saeveral provisfona of the Covenant set forth the history of the
site and washout incident as described previously in this mumo

Tha gucLeeding provisions set forth the conditions of liability, future
litigation and remedial action raspongibilities  According to these
provigiona, St Joe lfinerals and th® 5t Prancols County Eanvironmantal
Corporazjon are relcased from rosponsibdility for all damage, past and
futuro, resulting frem the washout incident  The St Prancois Couaty
Environmental Corporatiocn assumes responsibility for contracting all
agreed-upon remadial accion work and assumes responsibility for future
maintanance of the area The St Joe dinerals Corporation agrees to
pay for the proposed work, provida supplemental fill material for
reconstructing contaivment damsg, and will provida "advisory" technical
asgiotance to the 3t Francols County Environmental Corporation with
the review and inaspection of the construction work performed ho
responsibllity for the work is asgsumed by St Joe liineral wich this
“"adviaory” rola

The third part of the Agreement provides specific datalls on the remadial
action tasks This work 1s described fn a document titlad, "Repair of Damage
at Desloge Landfi1ll Aloaz Big River,” and has been made part of the Covenant
by reference

The work can be briefly summarized as follows

1 Fill-in/repair or all major erosioa gaps (two large gaps and three smaller
gaps),

2 heconstruction of three retaining beras at the renaired erosfon areas,

3 Alteration of the failed drainage structure to present future blockae
problenms,

4 Seeding and fertilizer avplication to a 20 acre "demonstrution” plot, and

"

5 Coastructioun of all necessary haulaze roads
III Biscugsion

\lthou,h the entire Repair of Dazize ac Desloga Lendfill Aloang 81z River
document was not submaitted to the Ajency for review (drawv.ongs and photo,ravh
exhibics ware omitted), the description of work 13 consisteont #ith xocc—ienea-
tions nmade in the 1980 repcrt prenared by the Univeraity »f llssourl ror MODWR
It anprars that the agreed=-upon work i3 a "middle grourd”™ rcsponse to the
Uaiversity of Missouri vcport ricoumendations Tha major structural failures
" the site will be reacdied by the oroposed wor and this 311 eliainate
much of the eaviroanental iazarls -osed py Futurc erxrosion or washouts at

the silta Ti. Untversi_v of Ilsgonr) perrormel evtenaise asnalyses on (he

at glineering nroperties of tiw tailin,s aaterla. YWit'v certidn exceptlons

(1 & , areas vhere reumedial wor~ is planned) tne reporr conciuled that tac
tailing pile site "as a 4house apnears to be staonle ”
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Tha proposel work does not addrcss scveral ccisting or potential envirormental
hazards fdentified in th. University of Missourli's report and othar a.ency
nwemoranda  Thesa potentlal environmental hazards are diacuseed briefly as
follows

-
1  Contawminatiou of Big River Benthic Zoue and Fign Population  Studles
conductad by EPA and MDNR have documented that the Big River has been degraded
for several miles downstream froum the tailing site and that bottom feeding fish
hava elevated levels of lead in their flesh Both situations warrant concern
from an environmental standpoint  However, reclamation or dredging of the river
is not included in the Agrecment's scope of work Cmittiang this work from the
Agreement appears juatified. It would be unreasonable to espect St Joa tineral
to agsane responsibility for a major dredging operation resulting froa a washout
inecident which had occurred several years aftar the Company relinquished title
(and responaibility) of the property to the County The State Departmeat of
Conservation and MDNR believe that a dredging operation would completely destroy
the ecology of the river and that natural processes would be more er.zctive in
reclaiming the river given tine

On the other hand, tha Corps of Engineers and Department of Interior support

a dradging operation and believe that the river botton lezd deposits poss -

sianificant environaental hazard Botn agencies inltiall; £~rored listine the

313 dver Sit~ as an uncontrnlled site, clipgible for Saperfund action  dowever,

ninfing wastaes ar. nos cxcluaed from Supac und Based on a rueviaw of the available
{ information, tn~ positiocn cf the OYR app.it3 o Bu 2 r asonahle aparoach Ttera
N hava been we knosm raports of contam.nited wates 910311 T-a local population

hag h~ea discoarazed fron catin, suc'er fish caight in the arca aad as lon, an

reason.bla dietary precautions ars tahen health problocag gshould not develos

2  Lewchate Contanivation (Heavy letals) fros the Sanfzary Lanifill  Tha atady
conducted by the Univeraity of dissouri reported that liquid lioacate from the
land €11l operation could lead to potentlally serious covrtauilnation of water
supnlies  Their lahoraLory stulies, coiducted with nine tillins naterial, 3 oa-=d
tht uader acidic coaditiona, lead and zinc ia tha taiiliss can beocome soluola,
ni~rate with leaching water flous and could eventually coataninasi 2 surfic. and
scroundwater supplics Tae raporl viewed the hazard ci scavvy aetal leaciir, Lo bo
serlous 2nough for DI to estahidsh an “lmmellate pronitowin~ ~rosran In

tarch 1980, foliowing tha ULnisersity of ilissourd .ceport, (DJAR Jid cor.ora o~e
leachate monitoring at t™e aits Their results shoued that the levels of Lcad,
zine and cadmium wora not elevated ahove bickground levels nor did thes exczed
ULPHS drinking water standards E IrC/LuCL has quratinnad Jhcther the saap.es
analyzed by !DHR are repr.sentativ. of the Dusloga landfill leachate He concur
that tie question of landfill leacnates mobiliziag heavy metals, particularly
lead, has not b2en answarzad to datz We recommend that a stualy ba tnitiatad to
detoratae {f the laadrill leachate mobilliues heavy aetsla, 11 parvticular lead

T-e 3ureau of f1nesn 13 co ducting a study on the lcacd tailloge “res should e
contacted for baczzround lforvaatior and coariiiation fer any add.tionil studiszs
Ty tY arza Alizrpataly, o ro,~1litery placed wttorlig 221.3 1hoald he
$13.211 d at the landfi.l with analyais to include l2ad and leac.at. n.~23tars




The landfill situation does warrant tha future attention o. MDNR  Periodic
monitoring of leachate samnles by MDIR should continue and appropriata ections
taken if a problem develops DNR and the 3tate Conservation Coualgsion tave
been accorded the right of access_§or inspection purposes in t'ie Agreenment
Monitoring and inspectiona are necaessary

3  8ite Stabilization, Revagetation and Hazards of Alrborne Liesd Dust  The
University of Missouri raeport concluded that tha Deslcge lead tailing pile
will “remain a potential health hazard due to blowing of lead ladan dust and
tha potential for further croszion until such time as the .ite 13 completely
stabilized dy vergetative growth ® Because of problens with seed germinatioen,
moisturc retention and fartilization, rcveszetation of tha site will not occur
tarough natural procasses  Althougn the Agreement prorsides for secdinn and
fertilizor application to 20 acres of land, Lhis seedinp operation will
iavolve leas than 5 percent of the talling sits It ir understood tlat tha
geeded/fertilized plot may serve as a duaoustration study to assess plant
supporting characteristics of the tailing pile and that this study would
provide the banis for future seeding and fertilizaticn  The Agrcenent i3
not specific on who, 1f anyone, is reaponsible for maintaining or evaluating
the 20 acre demonstration plot

Revegetation of 20 acres still laaves over 95 percent of the Deslcge

site without plant cover Questions have beun railsed as to whether tne
potential for windblown lead dust at thae abandoned lead tailin, site
represents a sigairicant eavironmental hazard In the ansenc. of sp cific
air monitoring data, it 1a difficult to accurately assess thc hazards posed
by this exposure route A brief review of the available lite~atura ingicates
that the ensironmental hazards associated with inhalation of lead and lead
conpounds during lead ore mining, crusning and milling operations is lov
The NIOSH developnmant document for “"Criteria for a Recommended Standard

for Cccupational Exposure to Inorganic Lead (1973)" provides a gencral
overview of the da.refes of occupational esposure to lead for 34 irlustrial
operations Lead niniag {2 not mentioned in thils overview, sugpeating that
the hazarda of cccupat.onal avoosure may not be s.zniffcant

The EPA pihlieation, alr Gualits Criteria for Lead” (EPA 600/3-77-017)
states

Exposures for wovlars involved [n lead »ining
depend to some eitzat on thnge 301lubilitv of the
lead f£rou the ores The lcad sulfide (PHS) {n
galena i3 insoluhle, and absorption through the
luny 2ay be sli~nt It i3 not really known hod
reailly absorption takes place In the stoaaach,
wweaver, soue lzad sulfida mav be comerted to
sl.gitlv so_ubi. lead chlertae, vhich way thea be
ah,orb 1 11 roderat. aroune.
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(/' Although occupational erposure to atmospreric leil 18 discussed in some
~ detail in this publication, no rurther referenct to lead aining ¢ =2osurc

hazards 1a provided

Lead toxicity 1is mainly the result of the concentration or difiusanle
(soluble) lead in soft tissuss of the body The insolubility of lead

sulfide (galsna) prodbably accounts for its low reported tovicity Tae
"Registry of the Toxic Effects of Chamical Substances gtates that lead
sulfide presents an "insignificant hazard” with regard to aquatic toxicity
This is the lowest possible rating The low toxicity rating may also explain
the lack of toxic reactions obscrved by EPA in the Big Piver followlag the
washout incident

The Mine Safaty and Health Administration (MSHA) 1s responsible for
establishing and enforcing standards for occupational erposure to lead
during mining operations The standard is O 15 mg/m3 of lead and lead
compounds Mt Tarzy Philllips, Sub-district Manager of the MSIA Rolla,
Mi{ggouri offica states that compliance measurcments for this standard are
usually collected near the ore concentration operation  Althoush this
operation produces a concentrate which 1s 98 - 99 percent lead sulfide,
coupliance with the 0 15 m»/m standard is not uausually difficult Given
that the lead tailings are 2 — 4 parcent lead, Mr Phillips did not believe
that the abanloned tailing pile would violate their standard of 0 15 ug/u
Short~tern violations may occur during periods of hizh winds but one weald
cxpect that due to the hi_a deasity particulate natur_ of leal dust only

/ the area immedi{atel; adjacent to a~d cowmwind fren tha site wou d be izmpactec

\ Due to tne low toxicity of lead salff{da, the lo7 corcentideson or lcad in
the taliing pile aid the {intarmittent nature of windhbiown occurrences, it
i3 concluded that the environuencal hazards posed by winasolowr tailin_ dust
1s not signlficant It may be advisable to establish aqblent alr quallty
monitoriny stations ncar the site to confirm this conclusion

Iv Sunmary

The Agreement (Covenant d{ot to Sue) between St Joc lldneruls Corporatisn,
0 R and interestad a,cncies 18 a recasonable negoriated settlewment to clean-
up and remedy a tailiag pile washout incident for uhich no party is clearly
rasponsible The proposed reiedial work will stabilize the gite to pravent
future washout problems but does not addreas otler anvirommental concerans
regzarding

1 Tailings in the Big River sediment,

2 Potential leachate coatamination from tic landfill operation, and

3 Tie lack of a vegetative cover to further atabilize the site

<+ Erosion control on a continuiny basis

5 Long-term sanplia./ewirornentil avalaation jrozraa
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Overall the Agreement addresses landfill dan repairs but did not include

the above liasted concerns as applicable Tho fact that lead concaentratiouns
in bottom feeding fish 1s hi_ h enough that the State issued a warning againast
their consumption ia evidance to aupport a Pederal action under §7003 of

RCRA  For this reason and because the above listed concerns are not addressed
in the Agreeaent, EP4 should continue to monitor the progress of the Staze

It 18 recommended that we issue a letter to MDWR e.pressing our concerns and
rccomnnended actions they should undertake to addreass these
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United States Department of the Interior

FISH AND WILDLIFF SFRVICE
COI UMBIA NATIONAIL FISHFRIFS RESEARCH LABORATORY
ROUTF 1
COLUMBIA MISSOURI 65201

INRFILY REFERTO

April 25, 1985

William H Ward,

Assistant Regional Council
U § EPA, Region VII

324 E 11lth St

hansas City, MO 64106

Dear Mr Ward

Enclosed please find a copy of a Master's Thesis by John Besser
which deals with the availabilaty and effects of metals in leachates
from Desloge mine tairlangs This study was part of a joint
investigation 1n which the UMC Department of Forestry, Fisheries
and Wildlife, The Environmental Trace Substances Research Center,
and CNFRL participated Mr Besser 1is currently employed at our
laboratory, please feel free to contact eather of us should you care
to discuss any aspect of this report

Sincerely,

-

Christopher J Schmatt

CJS efh

Enclosure

MLY ¢ g
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A Thesas
Presented to
tne Facual-y of the Grazauate 3School

Un.versity of Missouri-Columbia

-n Partizl Fulf.llment
0f tne Reocuirements Zor the Degree

Mester of Science

by
John ¥ ZBesser

Cha~les 7 3Rabem Thesis Supervisor

May 1985
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Tagcul*y, have exam.ned & thesis entitled

Bioavailability and toxicity of heavy zetals 1in mine

tai1lings leachate to aquatic 1invertebrates
presented by
Jonn M 3Besser
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ABSTRACT

orosion and leaching of large aeposits of lezd z.ne
ta1l:ings 1n the "01d Leaa Belt" of southeast Missouri heve
lea to extensive contamination of sireams of the Big P.ver
arainege with toxic heavy metals Although revegetation of
tne tailings piles to reduce erosion has been proposed, the
effects of revegetation on the release of metals from the
ta1lings have not been studied In this stuay, aquzatic
invertebraetes were exposea to leachates from test plots of
tailings to eveluete the effects of cover materials on thne
bioavei1lability and toxicity of metals 1n tailings
leachates

Bioaccumulation of metals from test plot leachates was
:ncreased 1in tvailings plots with cover <treatzents of

vegetaiion (seed/fe~ti1lazer and sod treatments) or organ.c

H

atter (sludge and leaf treatments), relative 10 uncoverea
tairlings or uncontaminated crushed dolomite Differences in
metal bioaccumulation among treatments correspondec to
dissolved metal concentretions 1in leachaves, &although
invertebrates were apperently able to accumulate metels fromw
ingested solias as well Formation of complexes witn
dissolved organic compounds led to high metal concenzrations
in leacrate from the leaf ftreatment, which snowed =zine
highest metal bioaccumulatvion

Toric effects of leachates on survivorship of crayfisn
ena survivorship, growth and development of miage larvae

snosed similar trencs among cover material treziaents



Toxic1ty of leazcnates was more strongly correlatea with
wate~ metal concenirations than with accumulated metals,
suggesting tnat not all accumulated metals exerted
tcxlc action Significant adverse effects on inverteorates
occurred 1n this study at metal concentrations comparable to
tnose measurea 1n the Big River system and 1n seepage from
tailings piles

The benefits of revegetation of the large tailings
piles 1n the 01d Lead Belt probably outweign the adverse
effects of cover materials on leacnate formation Fowever,
the processes observed i1n this study probadbly 2lso act on
tai1lings already ercdea 1nto siream and riparian hzoitats,
pos.ng & long-te~m threat of metal toxicaity to aguatic biota

and human consuwaers of contaminated fish
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BACACRCOJIND

Soutneest .i1ssouri has _org been a lezd.rng produce~ cf
lead 1n the United States Depos:rts were ciscoverea in the
ea~ly 1700's and surface mining was extensive by 1800
(Kremer 1976) These scattered mining activities eventually
focused on an azrea of St TFfranco.s county, Missouri, which
nad extensive surface and subsurface deposits of the lesad
ore galena (PbS) By the n1d-1800s, surface deposits were
deple*ed and deep-shaft mining 1n the Bonneterre dolomite
fo-nmation became preaominant During the period 1907-1954
the area, xnown as the 0l1d Lead Belt, was the lergest
proaucer of lesza 1n the na*ion and ell holaings i1n tne area
were acgquired by tne St Joseph Mining Conpany As these
ore devosits became depleted and aeposits of high greaae ore
were developea to the west (tnhe Vew Lead Eelt o~ Viburnum
Trend), mines 1n the 014 Lead Belt were closed be*ween 1961
and 1972 (hramer 1976)

Along with the 7 3 m.llion metric tons of leza
erxi~acted between 1864 and 1972, mines in the 014 Leaa Belt
generated some 227 zillion metric tons of Tailings, by~
procucts of separation of gazlenz from the low grade leac
ores ({ramer 1976) 111111ng vrocesses used i1n the Ola Lead
Bel* 1ncreesed 1n sopn.stication durang th.s verio0d, Iron
the early process of gravity f-actionation or "jigging" to
more recent flotation proceaures whicn used a variety of
~ezgents 0 assist 1n sepe-a“irg lead particles from g-ounc

ore AS 2 ~esult tne tailings, depositea in large piles (up
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ad jacent to the tailings deposiis was heavily contaminatec
w2t1 tailings a2na that significent metzl con*aminetion of
312 Raver water, sediment, Ifi1sh and aquatic invertebrates
e>tended at least 96 km downs*-eam from tne major tailings
input at Desloge (Schmitt a2na Finger 1982, Wnelan 1983) An
enginee~1ng study of the Desloge tailings pile (Novak and
Jasselwanaer 1980) determined that inadequate mzintenance of
d-einage structures led to the failure of tne tailings be-m
and the resultant massive erosion of tailings 1nto the Big
River The report presented guidelines for re-gradi.ng
unstecle slopes and modifying drainage patterns to reduce
erosion problems, but concluaea thet seeding and addition of
organic matter to establish vegetation cover would be
regui~ec to permanently stapilize the tailings piles
Several researchers have emphasizea tne importance of
prological ana cnemiczl processes which ca&n mob.lize heavy
me~zls from teaillings aeposits Metals can pe mooilizea by
weather.ng processes witnin tne tailings piles (Kramer 1976)
or by plants grown in tailings (Wixson et a2l 1983)
results of erperimental leaching and revegetetion studies
(Novak ard Hesselwanaer 1980) indicated tnat tne solubility
eand toryicity of tailings metals could be 1ncreased by
ai1ssolvea organic compounds, sucn as those generated by tne
landf111 operations at Desloge, or from the eapplication of
organic mulches to aid revegetation Chemical and
p10log.cel processes in aocuatic systems can lead to
inc~eased d.spersal end biologicel availeo.lity of heavy

metals (Scnmitt and Finger 1982, whelan 1983)
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to 6 5 xm?) adjacent to m1ll.ng sites, dif<er consideranly
in their content of lezd, 2i17c and other heavy me*als
depending on the mi1lling nrocess used a2t tne tizae of taerr
deposition (Zarwooa 1984) s the tai1lings p.les were
apandoned or turnea over {0 new ownersnip, adverse impacts
of tailings on water quality and biota of nearby streams
became evident Surveys conducted oy the Missour:
Department of Conservation attributed i1mpacts on tne agquatic
invertebrate community of Flat River Creek to erosion of
ta1lings piles near Elvins and Tlat River, Missouri (Ryck
1674) A study of the i1mpacts of mine tailings on Flat
River Creek (£ramer 1976) found elevated levels of lead,
zinc, cadmium and copper 1n water, sedrments ard oi10ta of
tne stream and documentea i1nputs of these metals to tnhe
stream from botn erosion of tailings zana inputs of seevzge
water from the Zlvins tailings pile

Furtner za2ttention was focused on environmental problems
associated witn the tailings depos.ts following major
erosion events 1n 1977 which depositea aoout 38,000 cupoic
zete~s of tailings from tne tailings pile at Decsloge,
Missouri 1into the channel of *he Big River, the major
s~ream drzining tne 014 Lead Belt (anovak 2nd nasselwznaer
1380) Subsequent studies oy the Missoura Department of
Conserva*ion found elevatea levels of lead .n fi1sh collected
from the Big River and local residents were cautioned
2agai1nst consumdt.on of contarinated fish (Czarreski 1980,
1334) An extensive survey conductea by the U S '1sn ana

#12clife Service found tnat tne reezcn of +*he big River



STUDY SITE

Lezchate Collection

Six experimental leeching plots were constructed on the
grounas of the Columbia iJationel Fisneries Reseazrch
Labvoratory (CNFRL), U S PFish and Wildlife Service,
Columbia, Missoura Plots consisted of wooden Zframes
(dizensions 37 m X 18 m X 03 m) lined with vinyl plastac
A control plot was filled with uncontaminated dolomitic sana
from & quarry near Jefferson City, Missouri, end the five
remziring plots were filled witn mine tailings from Desloge,
Missour:i, which contained high concentrations of lead, 2zinc
and other neavy metals (Table 1) TFill materials were zaaec
to a deptn of 15-20 cm Plots were loceated on 2 slight
sLope w.th PVC collection pives across the narrow aownnill
ena Ovenings 1n these pipes were covered witn fiberglass
screening and layers of g-avel to exclude fill materizls

leacnate formed from rainwater percoirating through the
provs av=z21ined through the collection pipes 1nto rigia vanyl
pooles (1 5 meter diameter, aporoximate capacity 450 liters)
Pipes feeding i1nto the pools were upturned at a raight angle
to retain leachate samples and encourage settling of
suspenaed soLias Natural reainfall was supplemented during
e late summer 1983 drought peri0od with ultrasoft water fror
tne ClITPL reverse osmosis appzaratus This water was avpliea
to the plots through cotton "soaker hoses" to assure gradual
vercolation Plots were watered three times between late

vLryY ana ee-ly September w~i1th volumes of 200-400 liters to
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The research presented here 1s part of a project funaed
by tne US PFish and wWilalife Service, Columoiz +2*10nal
Ti1sneries esearcn Laboratory, to exam.ne the effects of
vege*ation and organic cover materials on tne zmobilization,
biological availability and toxicity of netals 1n leacnates
from 0ld Lead Belt mine tailings A previous report
described the effects of cover materizls on the
concent~ation and chemical forms of metals leached fron
tailings test plots (Harwood 1984) This thesis presents
data on metal bioaccumulation, survival, growitn ana
development 1n aquatic 1nvertebrates exposed to leachates
from these test plots Although this project was i1intendec
primarily to i1nvestigate environmental effects of mine
tailings reclamat:ion efforts, the results of tne chemiceal
and bioclogical studies also provided an opportunity to
examine the dynamics and toxicity of heavy metals 1n a

simplified freshwater system



~eplace evaporative losses from the pools

1=

fforts were made to assure adequate conditions in <tre
pools for i1nvertebrate bioassays A layer of chert gravel
zoout 2 cm deep was addec to the pools A pattery-powe-ed
conpressor providea aeration dur.ng the sunmer monshs A
tlack vinyl mesh cover erected over the six pools provided
snade and helped moderate summer water temperatures A
wzterproof coating was applied to the shede cover to prevernt

d1lution of leachate water witn rainfall

Teiling Cover Treatments
Cover materials were added to the test plots in spring
ané summer 1382 to simulate a range of conditions for
leachate formation Tne Control plot received no additional
cover meaterizls Tne tailings plots received the follow.ng
cover treatments

Urcovered Ta.lings 1n this plot were left wncovered 0
=4

approrimate the ex.sting condition of the 014 Leac 3elt
tza_.lings pirles Virtually no prlent growtn wes
establisned on tnis plot auring the course of the
stuay

Seea This plot was fertilizea using a commercial lawn

fertilizer (Scott's Starter, 18-24-6% N-P-X) using
lapel directions and seecea witr a2 grass and legume
seed m.xtvure Tnis t-eatment 1s similar to procedures
previously used to revegetate the tailings deposits
(fovak and dasselwander 1980) Vegetation on this plot

grew vigorously during moist weatner and diea bacl




Table 1 Chemical composition of tailings used 1in test
plots (from Harwood 1984)
Plot

Untreated Seed Sod Sludge Leaf
Mzjor constituenis (%)
Ca 19 21 20 20 20
Vg 9 4 11 71 10 11
Fe 37 3 8 32 35 36
K 0 51 0 52 0 48 0 67 0 68
Mn 0 43 0 45 0 34 0 38 «__O 39
Al 0 36 0 45 0 66 0 59 0 56
Minor constituerts (oom)
Pb 1400 1500 1300 1400 1 600
Zn 1000 1000 1300 1400 1400
Ma 310 440 510 410 280
Cu 120 160 98 100 100
Sr 51 53 48 54 52
N1 49 69 17 33 28
Ba 33 45 33 51 44
Cd 24 22 18 28 31




Chemiceal character.stics of tailings leacna-ss5 weve
stongly effected by cover materizals, dut differences zzorg
treziments were less p-onounced after egquilidbrz-_on .n
collection pools (Teole 2) Reauctiors 17 haranezs zn4d
increases in pH occurred i1n pool waters in z2ll trez*azerts
Leachate and pool water chemistiry i1n the uncove-ed znd
vegetation (seed and sod) treatments was generally similar
to that 1n tnhe convrol Eowever, leachate from t-¢ seea
treatment was less alkaline and had higher concentrat_.ons of
nut-ientvs and orgeanic carbon Organic cover treaztments
(sluage and leaf) haa greatest effects on tailings lezchete
compos.tion Leacnates 1n these treatments were r_gh in
nardness and organic carbon In pool waters, ha-dness
gecreased to low levels ard pE and alkalinity remeinec lower
then o~her treatments P00l water in the sludge treztment
was vigher 1n nutrients, softer and 1less alxaline tran
other treatments Dissolved organic ca-bon concent~zt.0ns
aecreesed 1n pool wzters in the sluage treztmert bdat
~enzinea ve~y high in the leaf freatment

ne+*al concentreztions in leachate and pool wazer Tacle
3) generally parallelea differences in water chemistry zmong
treztments In the control,metzl levels were low Or below

detection limits 1n leachate, but lead and czcmium

Tl

«3

m

concert~ations 1in pool waters were higher, suggess
eryte-rel metal 1npuis Tne uncovered treatment had netzl
levels higner tanan tne control, but low relative to otne-
treziments Leachate and pool concentrat.ons of cacaiuz,

i1f=a, ana zinc were eleve*ea in the sod treatment, =a-d --e



during midsamner
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The second vegetation frezatment recieved a layer of
blueg-ass sod with 1ts =zassociztea 3opsoil (aepzh
avprox 2 cm), to represent an establ.shea vegetaiive
cover Vegetation on this plot was more dense tnan the
seed plot but showed similar seasonal growth patterns
Sludge Dried sewage sludge from the Columbia, Missour:,
sewage treatment plant was apolied i1n 2 layer of
approximately 4 cm to this plot Dried sludge has been
wiaely used as a fertilizer and mulch to encourage
revegetation of materials low 1n organic matiter sucn as
the mine tail.ngs (Novak and Hasselwander 1980) This
plot developea a dense grassy sod wh.cn was less
affected by drought conditions than the seed or soa

plots

i

o
4
o

Tne ta_lings in this plot were covered with a2 laver

of dried silver maple (Acer saccha-.num) leaves to

eramine tne effects of naturzlly-occurring organic
cover materials on leacnate characteristics A secona

layer of leaves was adaed 1n early 1983

Water Cnemistry
Water cheristry analyses were performed at ine
dniversity of Missouri ZEnvironmental Trace Suostances
Pegearch Cen*er, Columbia, Missouri Date on lezcnate ard
pool water cnemistry reported here refer to analyses
pe~formed by aarwood (1984) on samples filtered *“nrough

aenb-ane f:l1te~s with 0 45 micromete~ nomi-2l po~e c.zameter
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cle 3  rMetal concentrations in filterea leachate and pool

m

mater Values in first row for each metal zre neans of pool
saxv.€s, second row values are leachzte megns Units are
zic-og~erms/liter erxcept 2Zn and ¥n, mg/..ter Daita fronm
Za~woo0d (1984) Asterisk indicates one or more samp.es
below detection limit, these values set 2t one-half

gecection limit for calculations

letel Treatment
Contirol VUncoverea Seead Sod Sluage Leal
N 4 5 5 5 6 8
2 5 5 6 5 L 6
Ce 0 21% 0 32 0 64 0T 0 38% 1 06
<0 2 50 14 4 9 7 10 86 7 45
Cu <10 <10 11 6* <10 17 2% 11 1%
<10 <10 45 6 12 0 75 2 24
n 0O 6% o 7* 1 4% o 7% 2 6% 49 3
20 1 4 10 2 6 3 8 4 440
Na <10 6 8% 18 6 11 8* 10 3* 18 3*
<10 16 O* 103 29 0 33 2 108
Ph 1 T* 1 g* 1 7* 2 6% 1T+ 13 2
o 7% 8 2 3 9 17 6 11 2% 48 8
Zn <0 O 0 03* O 04* 0 08 O 02* 0 24
<0 01 1 26 2 06 2 09 1 28 4 03




Table 2 Chemical characteristics of filte-ed leachate and
pool w~ater samples collected May-Ociobe- 1S83 Values
listec 1r first row for each paraameter a2-e =eans of pool
sanoples, second row values are leachrate zeans Units
(except pd) are mg/liter Data are from darwood (1984)
Asterisk 1ndicates one or more samples 2elow detection
limits, these values were set at one-half detection limait

for caelculations

Pa~ameter Treatment
Controt Jntreatea OSeed Soa Slucge —eat
N 4 5 5 5 6 8
2 4 4 5 4 5
DH 8 01 8 24 8 00 8 14 7 65 7 76
T 45 7 18 6 87 12 7 C5 T 17
Totzal e5 78 17 87 52 69
Alxaliniz 77 106 88 135 4 180
(as CaCO3§
Ca + Mg 114 10¢ 121 116 g7 i 02
caraness 187 189 180 170 239 253
(as CaCO3)
hotrate <5 2 6* 14 5% 2 1% 27 4% 10 2*%
26 0 10 4 40 2 10 3 g1 3 21 2

Phospnorus 0 073* O 128 0 158 0 160 0 290 0 104
<0 05 0 112 1 030 0 046* 0O 040 J 1392

Organic 33 31 T 4 4 1 g 6 151

Carbon 4 5 1 6 14 O 4 3 20 4 14 0O

»



MZTdODS AND MATERIALS

Invertebrate Exposures

Three bentnic macroinvertebrates were cnosen for
leechate exposures based on their similarity to typicel
Ozark stream fauna, their suitability for wuse 1in
bioaccumuletion and chronic toxicity studies, and their
availeoility from locel sources Several species of
crayfish have been used in field and ladboratory stuaies of
netal bioaccumulation and toxicity (Hubschmann 1966, Vermeer

1872, Trorp et 21 1979, Anderson and Brower :980, Knowlton

et 21 1983) Orconectes neais, a sSpecies occurriung in

st~eans of tne Ozarks and southern plains (Hobbs 1976), wzs
ootarned from a population in a2n experimental pond on the
C*TRI grounds Young-of-the-year O neais were used .n
leachate exposures because of their relatively sma2ll size
ana tneir rapia growth througn a2 series of 6-10 mol+s auraing
the.r first growing season Ome hunared craeyfish with mean
rostrel-carapace length of 100 om were stocked 1n each pool
in early July 1987, and allowed to range freely ipr tne
gravel substrate of the pools during a 120-dzay exposure 411
crayfisn were collected and counted afte~ 30 and 60 davs
exposure and rostral-carapace length was measuvea on a
randoz subsaaple of 25 1ndividuals On eacn semple date,
five to ten c¢rayfish from each pool were frozen 1in
polyethylene bags for later metal analysais All surviving
creyfi1sh were collected, counted, and measured after 120

davs C-ayfisn from each pool were then randomly sortec



cseed t-eatment had relatvively high L1evels of all netals
except lead Despite the effects of tre sluage trea~ment on
lezachzte and pool ~ater cnemistry, 2etal concentratiions sere
gene~ally not high 1n tnis Ireatment Zezchate from ine
cludge treatment was high 1n copper ana caamium, but pool
mater had low concentrations of most metals The highest
overall metal concentrations occurred in the leaf treatment
T™e 1leachate from this treatment 1ad wnuch highe-
concentrations of zinc, lead and manganese than other

trea*ments and pool water had highest concentrations of all

netals except copper and nickel
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comaercial pet food recommended by Biever (1965) A
preliminary 30-day exposure was conducted in the leachate
pools 1n October 1983, with two replicete contzainers pe-

pool Atdaitionzl midge exposures were conducted in t-r

1]

laboratory in November-Decemper 1983 gue to low water
temperatures and slow midge growth reates in leachate pools
Laboratory exposures of 10 and 25 deys duretion were
conducted using pool weater from four treatments (control,
uncovered, sod and leaf), with three replicates per
treatment 1n each exposure Water i1n the laboretorvw
exposures was replaced daily with fresh (less than 24 hours
after collection) pool water and focd suspencion was addec
2t elternate water changes Growth 1in total length was
measured for surviving larvee after pool and lap erposares
hAaaxt1onally, development stage (larval inster, pupe o-
adult) was recorded for all midges zfter laboratory
€% DOSUures Instar determinations were made pased on heaa-
capsule w.dtn All midge measuremenis were made using 2
binocular dissect.ng scope equippea witn an ocular micro-

rete-

Invertebrate Metal Analyses
Frozen 1i1nvertebrate samples frozm leachztie exposu-es
were dividea 11to composite samples for lead and cadmiun
eanalysis consisting of 1-4 crayfish o~ 1-7 mayflaies,
depend.ng on the size of indiviauals Midge larvae from
pooL eyposures were combined into & singie composite sample

per trezatzent, while ezch r~eplicate from lap exposures was



nto *wo groups, one of which was frozen i1intact for metal
an21ysis Tne remaining craviish from eacn pool we-e held
un pool wzter for four days at five degrees C %to zllow
clearance of gut conten*s, then frozen for netal znalys.s

The burrowing mayfly dexagenia bilineata, of recent

interest as a bioassay organisa (Fremling and Mauck 1980),
was a2lso chosen for use i1n leachate exposures A similar

species, Ephoron album, occurs commonly in the 31g River

(whelan 1983) In late June 1983, nymphs from a pond
culture at CNFRL were stocked 1n the pools 1n screened
enclosures supplied with plastic tube artificial suostirates
ana Fed periodically with a2 suspension of Tetra-Min trovoical
fisn food The nymphs began to emerge during pool exposures
and those that remz2ined were collected after 22 aays for
netal analysis No additional mayfly exposures were
attempted aue to a lack of suitable early instar nynohs

The miage Ch.ronomus riparius, a memb=r of a widesvoread

and ecologiczally important group, was cnosen *0 revn.ace
Zexagenia for additional leachate exposures Eggs =and
larvae o0of cnironomid miages nave been widelv used 1n
irvertebrate toxicity testing (Thornton znd Wilham 1375,
Wentsel e+ 21 1977, Anderson 1980, Anderson et 21 1980 )
ana .ndividuals of this species were availaole from CNF°L to
es*aclish a laboratory culture Midges exposed to leachrates
~e-e held 1n 05 liter plastic containers witn fine mesh
w11dows to allow water circulation and provided witn a fine
sand substrate Thirty second-instar (4~5 day 0l1d) larvae

~fere stoc.ed 17 eacn container Larvae «ecre fed a
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per conceniration)

Quality assurance proceaures were followea during &ll
pmetal analyses Digestion and analysis of National Bureau
of Standaras oyste~ tissue (Stanaara Reference Tissue
#1566) yieldea recover.es of 969 + 35 end 1013 + 58
percent (mean + SE) for 13 leaa and 16 cadmium analyses,
respectively Replicate enalyses of 1invertebrate and
reference tissue samples showed mean percent reproducipility
(d1fference 1n concentration between replicates dividea by
mean concentration, expressed =as percent) of 12 3% for
cadmium (N=23) and 12 0% for lead (N=19) Some procedural
blanks showed detectable 1levels of lead and cadmium,
probably due to cross-conteamination among samples during
ash.ng No correcticn was maae for mean blank levels of 95

nanograms leza ana {1 5 nanograms caamium

Statist.cel Jetnods

All statisticzl deta enelysis was perfo-mea using the
Statisticel Anzlysis System (S£S Institute 1982) or the
University of Missou-i-Columdbie coaputer systenm
Differences 1n metal bioaccurulation or leachate toaicity
among treatments, stuay species or sampling dates were
tested using rank-basea nonpzrametric tests The Fruskal-
Wallis test and multiple comparison procedure (Conover 1980)
were used for one-«~2y analyses Two-way analyses (e g ,
treatment X date) were performed in an enalogous fashion
using a rank transforzation prior to avplying two-way

anzlysis of variance and Duncean's new multivle ~ange test
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analyzed as a composite Mean length was determined for
each composite Samples were placed 1n porcelain crucioles,
dried at 70 degrees C for 24 hours, we.ghed, and ashed =zt
4C0-450 degrees C for 24 hours :n 2 nuffle furnace Asned
szaples were acidified with ultrapure 104 nitric acaid,
remaining solids were pulverizea with a polyetnylene pipet
tip and the acidified samples were transferred to
borosilicate glass vials and heatea to sub-boiling on a hot
rlate for approximately ten minutes to aid dissolution of
the ash A sma2ll amount of insoluble materizl, apparently
ingested sediment, was ooserved 1n some wnole-body samples
All glassware and instruments were acid-washed in 10% nitric
acid and rinsed with ultrapure deionized water opefore use
1n sample preparation and analysis

Lead and cadmium 2nalysis was performed using a Per<in-
Elner model 5000 atomic absorption spec*-~opnotoneter
egu.pped with a2 microprocessor-controlled 21GA-500 gravhize
furnace Tne method of standard zaditions was used o
cc-rect zor sample matrix 1interferences Equal volumes of
tn-ee standard concentrations, prepared from stock solutions
containing 00, 10, and 20 micrograms Pb/ml and 00, 010,
ana 0 20 micrograms Cd/ml were addea to equal aliquots of
eacn sample The volume of standard added and =the
sensitivity of *he instrument were adjusted according to tne
eosorp*ion of undiluted samples Metal concentrztions were
de“ermined by linear regression of standard concentration on
aosorbance Regression was perforamed on s1x X Y pairs per

sazvle (3 standard concentrations X 2 absorbance readings
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SIOAVAILABILITY OF LZAD AND CADMIUM IN TAILIWNGS LIACHATZ

INTFPODUCTION

neavy metals enter acuatic habitats i1in a2 variety of
forms from bYoth natural 2and enthropogenic sources ana
accumulate i1n the tissues of aguatic organisms (Forstner end
Wittman 1980) Absorption from solution over gills and
other exposed body surfaces 1s generzlly the most important
route of metal uptake, but metals can z2lso be mobilized from
ingested solids and aosorbed in the digestive trzct (Patr.cz
and Loutit 1978, Bootine and Xnazuer 1972) Dissolved metals
tend to adsorbd to solids 1n the aguatic environment,
including tne surfaces of aquatic organisas Adsorbed
metals apparently enter aguatic organisms by passive
d.ffusion medrated by binding to protein molecules (Bryan
i 271) Because metals tend to accumulate 1n =zcguatic
sed.ments, benthic orgenisms are especizlly prone to metal
broaccumulation (Anderson ev al 1978, Enk and hatnis 1977)

Characteristics of aguatic organisos e>posed 1o heavy
metals affect botn rates of metal biocaccumulation and the
relative 1mportance of ai1fferent routes of metal uvtake
Passive eabsorpt.on of metals over body surfaces 1s favored
by high surface area/mass ratios due to morphologiceal
characteristics sucn as small body s.ze and large external
g111ls (Smoc« 1983b) Differences 1n the permeasbility ana
chenmical composition of body sa~faces may also affect metal
uptaks from water For example, the heavy ca.careous

eyockeletons of some crustaceans are le2ss permeable to




(rank ANOVA/DNMRT, Conover and Iman 1981) The degree of
association betwseen 1inveriebrate metal onicaccumulation ana
metal toxicity and the association of t1ese va-.ables with
water metal concentrations were tested using linea-
regression and Pearson's product-moment co-relation
cocefficient (Snedecor and Cochran 1980) Statements of
statistical significance 1naicate p-values less tnan or

egual to O 05 unless stated otherwise
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(Gillespie et 2l 1977, Patrick and Louti- 1978, St.nson ang
Zaton 1983) Meteal biozccumuletion by macroinve~itecratas
end other equatic organismos from streams in southeast
]l 1ssoura hes been releted *o inputs of heavy metals fron
lead mining activities (Gale et al 1973, Schmitt and Tinger
1982, Wnelan 1983) bhkigh lead concentrations in fish from
the Big River, 3t Francoxs Co, Missouri, have promptea
warnings of possible health hazards to consurers of fish
from contaminated reaches of this stream (Czarneszi 1980)
Tne Big River and 11ts trabutaries receive 1nputs of metals
from erosion of fine-grzined lead mine tailings into raiver
cnannels and soludilization of metals in leachates from
la-ge tazi1lings deposits (Yramer 1976, Novzx 2nd Hzsselwarder
1980)

Measures proposed for stabilization ana revegetation of
aoanaonea teilings deposits in the Big Ruver arz.nage {(hovalk
ana EHasselwancer 1980) may affect the mobiliza-ion of metzls
in tailings leachates and their availability to aguat.c

~ganisms 1n the Big River systen Physicel, cnemical and
biological processes associatea with tai1lings cover
materials could affect the predomineant forms of leachate
metals Reduction 1n pE of leachate due to decomposition
p-ocesses 1n overlying organic mete~ials would 1increase
solubility of i1norgzanic metzl compounds such as carbonates
and favor release of metaels adsorbed to solids (Aaams ana
Sanders 1984) However, high concentrations of calcium ana

magnes:iuxn caroonates would favor formatior of cozplexes znc

precipitates whuch could reduce metazl avzilao.irty (0'3nee
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netzls than tninner, less calcified body surfaces such as
tne cuticle of insects (Bryan 1971, Forstrer ana Wittman
1980) fetals may oe accumulated to high concent-ations 1in
“ne crayfisn exoskeleton, but tnese metals are not readily
released to i1nternal tissues and are largely lost during
molting (Bryan 1967, Knowlton et al 1983) The 1mportance
of metal uptake from 1ngested sediments may be 1ncreased in
organisms sucn as filter-feeders which select fine organ:ic
particles high 1in available metals (Smock 1983a, Whelan
1983)

The chemical speciration of metals affects thear
bioaccunulation by aquatic organisms heavy metals are most
available as free dissolved 1ons, but in natural waters a
large proportion of total metal concentrations mzy be
present as soluble complexes witn organic or inorganic
liganas or 1n precipirtated or adsorbed form 1n suspended
solids or bottom sedimentis (Forstner and Wittman 1980, Moore
and Ramamoorthy 1984) Metal complexes are generally less
availapnle tnan free i10ons, but complexation may enbance metel
uptake by maintaining metals 1n soluble forms unaer
conditions which would othe~wise favor precipitation or
adsorption (Bryan 1871) Sediment-bound or vrecipitatea
ne*als may be availeble for uptake by dbur-owing or
aet-1tivo~ous species (Bootne and Knauer 1978)

letal concentrations i1n benthic macroinveriebrates have
been studied as 1ndicators of heavy metal pollution
‘t~cerson and Browe~ 1978, denring 1976) and as a pataway of

zetal accumulz2tion 1n h.gher order consumers, 1incluaing man
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Table 4 Mean whole-body lead biocaccuaulation (ug/g dry wt
= SZ) by three inveriebre*es during erxposures to mine
“21lings leachzates For each sanple date, treatments wiztn
“ne saze letter are not significantly different ({ruskal-

dfallis test with multiple comparisons, p<O 05)

Crayfaisn
Days of Exposure

50 60 120
B 4 5 6
Control 17 +21 a 22 + 34 a 11 +17 a
Uncover-ed 17 =27 a 4 3+52%b 4 5 +620
Seed 24 +17 2 41 +260 39 +31 0V
Sod 394+ 1 b 50+t 1 b 79 + 86 c
Situdge 12 2 45 2 ¢ 199 +4 2 ¢ 14 9 +2 3 a
Leaf 2y 2 #2 3 ¢ 46 3 +5 3 ¢ 32 1*+8 2 ¢
Meyfly and Midge

Species (aays of exposure)
Vayfly (22) Midge (10) Midge (25)

N 3 3 3
Control 16 7 +8 5 a 43 +12 a .
Uncoverea 24 9 47 5 adb 55+ 18070 51 +85 a
Seed 24 4 +6 0 ab __ _
Sludge 35 0 +3 8 %be _ —
Sod 37 0 #3 3 Yec 78+ Oc 73 +400D
Leaf 193 3 +30 c 135 +1 4 4 20 4 + 61 ¢

* =5
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a~a | ancy 1978) Dissolved organic coapounds such as
f.lvic acids leached from orgznic detr.“us or formed by
a.crooilal deconposition 1ncrease Zetal soluoility due to
t1e1~ a2bi1lity to bind metals 1n metzl o-ganic complexes
(Ramamoorthy and Kushner 1978)

This study examined the biological avzilability of lead
and caamium 1n leachates f-om lead aine tailings under
several cover material treatments, 1including uncovered
tailings, vegetation and organic mulches (See Cnapter 2)
Aguatic 1nvertiebrates representative of the B.g River fauna
we~e exposed to tailings leachates to address these
obiec~ives

(1) determine lead and cadmium bicaccumule*ion by

aquatic invertebrates from mine tzi1l.ngs leachates
generzted under different cover material
trea*ments, and

(2) evaluate the 1mportance o< abiotic and biotic

influences on the bioavailability of heavy meta.s

in mine vailings leachazes

RESULTS

Cover 7Treatment Tffects
Wwhole-body lead concentrations in yoang-of-the~year
creyfish were significantly di1fferent aanong “~ea*ments after
30, 60 and 120 days of leachate exvosure a-uskal-wallis

~est, p<0 05, Taple 4 Mul~-1ple comta~.S0ONS aaong
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(54 wg/g) confirmea this problem, although the treziment
d.fferences observed i1n mayfly samples are st:111
informative Leea concentrations were not obtaired for
m.cges from tre seed and sludge treztments during lapo-ztory
exposures, but larvae from all other tailings treesiments
accunulated significantly more leed than controls, witn tne
leaf treatment agezin showing the hignest value

Caamium was generally accumulated to lower leve.s than
lead by all three invertebrate taxa (Table 5) Differences
azmong treatments were also less marked for caamium, 2although
significant treatment differences were ooservea for crayfish
and midges Creyfish from the uncovered and vegetation
t-eatments nad slightly lower cacmium levels than controls
in 30-day samples Cadmium levels in creyfish fro; the
uncovered treatment remained lower than controls throughout
T“ne exposure Crayfisn cadmium concentrations 1n boin
vegetation treatments were significantly higher +tnan .n
the uncovered treatment afte~ 60 days, and crayfish 11 tne
seea treaztment reached cadmium 1levels sagnificantly nigher
than contirols i1n 120-day samples Crayfisn from organic
cover t-eetments showed highest cadmium bicaccumulation,

witn levels sigrificantly higher than other treatments on

all sampling dates (except for the seed itreatment on cey

-

120) In laboratory exposures, midge 1larvae froro tne
uncovered tei1lings treatment elso head cacmium
concentrations lower than in controls, but cadm:iun
concentrations were significantly increased 1n la-vae frono

tne sod and leaf treataments Meen cadmium levels in aayfly
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treatments 1ndicated that crayfisn froaz vegetation znd
o-ganic cover trea*zents had significantly n_g~e~ zean lead
-evels than controls after 30 days and c-ajfish from 2ll
tai1lings treatments had significantly n.grer _ead levels
than controls 1n subsequent samples Of tane vegetation
treatments, the sod treatment snowed increased crayfish
lead concentrations compared to the uncovered treatment but
the seed treatment d1d not EHignest biocaccumulation of lead
occurred in the organic cover treatments (sludge and leaf),
»bich snowed significantly higher mezn cra-fish 1lead
concentrations than controls or vegetation treatmen*s on all
sampling dates Crayfish from the 1lezf trea“*men*
consistently showed 11gnest mean lead concentrations, wnich
we~e significantly higher than the sludge t-eatment by the
ena of the 120-day exposure

Similar trends 1n lead bioaccumulation were ovse-vea
for mayfly ana midge exposures (Table 4) a2na aiffe-ences
anong treaitments were significant for botn spec.es Mayfly
nyaphs showed slight 1ncreases 1n 1leaa concentration
compared to controls in the uncovered tailings, seea and
stuage treatments, but only nymvohs from ~he soa and lez?
treatments snowed lead levels significantly n.gher than
controls The lead concentration of 193 ug/gz 11 mayflies
from tne leaf treaztment was tne highest inve-teo-ate metal
level observed in this study dowever, t1e 11gh lead
concentration ooserved 1in nymohs from the dolomi-e control
{15 7 ug/g) suggested a2 problem with leaa contzzination

Zne n1gh lead concent*ration 11 pre-exposure nayf_.y samvles
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sI21s from vegetation and organic cover treatments were
F.g-er than controls and uncovered tazilings, w.th a mariounm
02 7 3 ug/g 1n the sludge treatment, but cadmium levels 1in
neyfiv samples were veriable ana trestment aifferences were

not sagnrificant

Temporal Variataion
Significent changes in metal concentrations over Ttime
occurred i1n midge and crayfish exposures (Rank ANOVA/DWMRT)
Leaza concentrations in midges did not differ significantly
be~ween 10- and 25-day exposures Midges from the leaf
treatzent showed increased mean lead concentrations in 25-

day s

1Y

avles, while other treztmentis showed slight decreases
Cacmiuz concentrations i1n midge larvae from tailings
treatoents were significantly reduced between 10- ano 25-cay
exvos.-es The dolomite control was not inciuded in this
anezlys.s because 211 control larvae had either pupa~eéd or
emergec afte~ 25 days Lead end cadmium corcentrations 1in
c~zyZish snowea significant overall increases between 30 2nd
60 azy samples, but differences between 60- and :120-dzay
peens were not significant Overell, lezd concentrations
dec.ined and cadmium concentrat.ons increased between day 60
and cay 120, but botn metals remained significantly h.gner
tha» 30-day levels

Temporal changes 1in crayfish metal concentratiors
d1fferea zmong cover treatments (Table 6) In the control,

ne_.-ne- lcag nor cacmium concentirations in creyfisn cnangea

s.gv.11cantly fror 30-day 1levels (Xruskal-wallis test)
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Taple 5 iflean whole-body cadmium biozccumalation (ug/g d-y
wt + SE) by three 1nvertebrates during erposures %0 mine
tal1lings leacnate For eacn sample date, treataents ~1th
the same letter are not significantly different (fruskel-

Wallis test with multiple comparisons, p<0O 05)

Crayfisn
Days of Cxposure

50 60 120
N 3 3 6
Control 27 +28 a 27 + 84 ab 25 =37 ab
Unecovered 16 + 69 a 14 + 33 a 17 +23 a
Sod 23 + 43 a 37 +65D0 40 580D
Seea 1 621 a 4 8+ 65 b 81 +43 ¢
Leaf 4 4 + 43 D 137 +1 8 ¢ 11 8%+4 4 ¢
Slaage 4 9 + 61 0 11 0 +88c¢ 14 8 =3 O ¢

MayZily and midge

Species (days of exposure’

Meyfly (22) Midge (10) Miage (25)
N 3 3 3
Control 24 +1 3 a 40 +14 DY -
Uncevered 2 4 + 56 a 30+ 26 a 12+ 04 a
Soa 28 +55a 4 9 +16 ¢ 2 4 + 220
Seec 39+ 39 a - -
LeaZ 53 +1 4 2 59 + 95 a 26 +07 0
Slucge 73 +3 0 a —_ -
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Lead concentrations 1in crayfish increased significantly
from 30-day levels in the uncovered end seed treaiments
after 60 days end in the sod treeatment after 120
days Caamium concen*ret.ons 1in crayfish increased
signif.cantly between 30- and 60-day samples in the seea,
sludge and leef treatments, and a further significant
increase occarred i1n the 120-day sample from the seed

treatmensg

Species Differences

Differences 1n biocaccumalation among tne three species
were more marked for lead than cadmaium (Tadble 7) Lead
concentrations 1in mayflies (22-day exposure) were
significently higher than concentrations in eitner crayfisn
(30-aay) or midges (10- or 25~aay, rank ANOVA/DNMRT) Lead
concentrations were 2lso significantly higner in miages tnan
i crayiish Ceaamium bioceccumulation was more similar
aporg 2all spec.es Caanium concentrations 17 m.cge larvae
after efter 10-day exposure were signif.cantly higher than
mayflies or crayfish, but czdmium concentrations were lower
1n 25-day miage samples and were not significantly
different tnan other species Crayfisn in most treatments
eventually accumulated higher cadmium levels than those
Tea2S«mea in samples from the oidge ana mayfly exposures,

whicn were of shorte~ duration

Poutes of Me+al Uptake

Differences 1n 1invertebra-e lead concentrations amnong
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Tabie 6 Differences 1in mean crayfisn lead and caamium
concentration (ug/g dry wt ) among “nree sampling dates
o~ eazcn treatment, dates with the saze letter zre not

s.gn-Ticantly different (Xrusxal-Wallis <“est w«.th multiple

comparisons, p<0 05)

Dey Treatmens

(n) Control Uncovered Seed Sod Sluage Leat
Leaa

30 1 7 ab 1 7 a 2 4 a2 30 a 12 2 a 21 2 a
(4)

60 220Db 4 3 b 4 1 b 50 a 19 9 a 46 3 2
(3)

120 11 a 4 5% 32 90b 7950 14 9 2 22 1% a
(6)

Caarium

30 2 7 a 1 6 2 1 6 a 2 3 a 4 9 2z & 4 a
(4)

£0 2 7 a 1 4 2 4 8b 37 a 11 0 Db 118 »o
(3)

120 25 a 1 7 a 8 1 ¢ 4 0 =2 14 8 b 13 7% D
(6)
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the cover treatipmerts were strongly correlated witn leac
concentraetions 1n leachate water “egression of 1leead
conce~tretions 1n mayfly and crayf.sh ve-sus leacnate Zor
tne si1> treaitments produced significant positive slopes
(Pigure 1) Similar comparisons of lead concentrations ain
invertebrates versus pool water were not as instructive, due
to the clumping of lead concentrations near anzlytaczl
aetection limits 1n most treatments (Table 3) Leaag
bioconceniration factors (BCF), ratios of lead concentration
in invertebrates (in ug/g) to pool water (in ug/l), «ere
used as an alternative to correlation anzaiysis (Taole 8)
The consistency of lead BCF values witnin each species 1s
stria.ng in lignt of the range of leaa biroaccunalation among
t-eatnents ana tne analytical problems assoc.ated with
measuring the low lead concentrations 1n pool water The

sluage t-eztment s an exception, witn mayfly ana crayiish

[{}

leaa BCD values 50-3007 greater than those from otre-
treatments

T-~eatment diffe-ences i1in i1nvertebrate cazamiaxd
pioaccuanulation did not correspond closely to cadmium
concentrations in pool or leachazte water Irvertebrate
cadmiux concentrations were not significantly correlatea
w.th cadmium concenirations in water (Fagure 1) Cadmium
BCF values (Teble 8) also indicate the 1nconsistent
relationsnip between caamium concentrations 1n invertebrates
and water Lerge differences in BCF between the leaf and
sludge treatments, both of which had high invertebrate

c2dm.ux broaccumalation, suggest that tne 1zvortance of
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Taole 7 Differences 1n wmean 1leza and cadm:iunm
o10zccumulation (N=3) anong leacha-e ercosures o0 th-ee
-nvertebrates Tror each aetazl, concentra*.0ns 1n extosi-es
witn the sane letter are not s.gnifican-1ly different (Rank
ANOVA with DJIIRT, p<0 05) 3Seed and slucge treatnents not

included 1in analysis

Lead Cadmium
(n1gh) a Mayfly (22-day) a idge (10-day)
b  Midge (25-day) o 12yfly (22-azy)
b  Midge (10-day) b Crayfish (30-aay)
(low) c Crayfish (30-day) b 11age (25-azay)




gure 1 Reletionshiv between mean invertevbrate whole-body
lead and cadmium concentrations end meen lead and cadmium
concentrations 1in leachates among cover treatments Stars
~epresent metal levels 1n meayflies (22-3ay eryposure),
circles represent metal levels 1n1 meyflies (120-day
exposure) Regressions of lead concentrations in

-nve-teorates ana leachate ere significart at p<0O Ot
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mztle & 2Rioconcentration Factors (BCF) for lead ana cadmiaz
in 1nveriebrates after leachate exposures ZCF=nean
1in e-teb-ate metal concentration (ug/g' diviced by cean

«ate~ meta2l concen*ration (ug/L)

Species (days of erposure)

Crayfish Mayfly Midge
(120) (22) (10)

Lezad
Control 06 11 3 25
Uncovered 2 3 13 0 29
Seea 2 3 14 2 -
Sod 30 14 1 30
Sluage 8 9 21 2 -
Lez? 2 4 14 6 10
Cadziur
Control 11 8 11 4 12 0
Uncovered 53 75 9 4
Seez 127 6 1 -
Sod 517 4 0 70
Leaf 79 50 5 6
Sladge 111 19 2 -
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Table 9 Effects of gut clearance on crayfisn lead ana
cadaoium concentration after 120-day leachate exvcosures
Valuesare mean metal concentrations (ug/g ary w% +S7)
before (=whole body) and after (=gut-clezred) a four day gut
clea~ance period, percent reduction from whole-oody levels,
and metal concentration (ug/g) in composite fecal sample

collected during gut clearance period

Whole-body Gut-cleared Percent Fecal

conc (N=6 conc (N=6) reduction conc
Lead
Conirol 11+ 17 07+ 09 36 16
Seed 39 + 3 29 + 45 27 10
Uncovered 4 5 + 62 33 + 42 27 127
Soa 79 + 86 4 2 + 44 46 33
Sluage 14 9 +2 8 5 9 + 58 61 257
Leaf 32 1 +8 2% 18 3 +1 8** 43 20
Cadmium
Control 2 5 + 37 2 4 + 15 4 7
Jncovered 17 + 23 16 + 25 5 56
Sod 4 0 + 58 31+ 14 23 35
Seed 81 + 43 71 412 13 127
Leaf 11 8 +4 4% 7 2 +0 9%* 39 32
Sluage 14 8 +3 0 10 6 +0 ¢ 28 63
¥ u=5
¥¥ 123
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water cadaium concenirations to invertebra“*e czd-ium untaxe
between these two treatments

A four-day gut clearance period -~esaucea lead and
cadmium concentrations 1n crayfish af*e~ sre 120-aay
leachate exposure (Table 9) Significantly lower lead
concentrations were measured 1n gut-cleared crayfish
compared to whole-body samples (rank ANOVA) The proportion
0of wnole-oody crayfish lead concentration 1ost during gut
clearance ranged from 27% 1in the uncovered and seed
treatments to 61% 1n the sludge treatment Lesser
reductions 1in crayfish cadmium concentrations we-e measureaq
in crayfish after gut clearance, witn reductions f-om whole-
pody levels ranging from less than 5% in conirols to 2 39%
1n the leaf treztment The percentage of whole-ooay mezal
conceniration lost after gut clearance was higrer 1n
crayfisn from treatments with high gut-cleared metal
concent-ation, particulariy for cadm.um

Concentrations of lead and cadmiur 1n crayfish feces
collectea during the gut clearance period sere g-eater than
levels 1n crayfish tissues (Table 9) Altnough there was
no consistent relationship between fecal ard crayrish meztal
concentrations among the six treatments, feces f-om control
animals cortained low concentrations of botn metals compared
to those f-om tail:ings treatments Lead concentrations were
very high in fecal samples from the sludge ana, to a lesser
extent, the uncovered treatment Cadmiuz concentrations
were 2a2lso high i1n fecal samples from tne slucge treatament,

out hignest levels occurrea 1in the seea treatiment
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bigh 1n leazcnates 1n the seed treatment but declined to iow
leve.s 11 tne pool High cadmium concentrations in crayfaisn
feca_ sznvles from the seed treatment suggest the i1mportance
0z cadziuxn upteke from 1ingested solids :in this treztment
S.milerly, low cadmium levels in crayfisn feces from the soa
t~eztment may expla.n the lower cedmium bioeccumulation in
this treatment adespite water cadmium concentrat:ions similaer
to otner treaztments

Tne greetvest bYioaccumulation of both lead and czdmiunm
occurred in thne organic cover treatments (sludge ana leaf)
Pool wazte~ ma.ntained highest concentrations of both leaa
eand ceaxrium i1n the leaf treatment Reductions 1in
concentra*ions of bo*n metals between leachate and pool
waters were much less pronounced in this treatment -~ This
1nc~easeq mnetzl solubilivy in tne 1leaf treatment 1is
probaoly aue To high concenirations of organic ligends
narwooc (1984) documented the presence of fulvic ac.as ana
hign-nolecular weight metzl complexes in ieaf leachate ana
pool wzters Increased metal biocaccumulation in thes leaf
treatment reflects the nigh metal concentrations in pool
water, elinough gut metal loadings were also high 1in
crayfish from tnis treatment In contrast to tne leaf
t~eztnment, hagh bioaccumulation in inverteorates from tne
sludge zreztment cannot be atirioputed to high metal levels
1m pool water Leachate from tne sludge treatment contzinea
elevated lead a2nd cadm.um concentrations, but metel
concen<-ztions 1n pool water TrTemained low The 1less

a.zeline sluadge pool weters z=zy have facilitated uvntake of
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DISCUSSION

Cover Treatment Effects

Bioaccumulation of metals by 1invertebrates during
leacnhate exposures 1ind.icated significant diffe-ences 1in zIne
bi1ological availability of lead and cadmium from leachates
generated by different mine tailings cover treatments
Little difference was observed 1n 1nvertebrate metal
concentrations between tne control and the uncovered
treatment, despite suostantially higher metal levels 1in
leachate from tne uncovered zIreatment Sackground
contamination of lead and cadmium apparently occurrea in the
control pool Concentrations of lead in 1inve-teporates were
sligntly higher 1n tne uncoverea treztment, but cadmium
levels were actually higher in the conzirol The relatively
nign bioavailebility of cadanium 1n the control may ~epresent
antagonistic action of othe~ heavy metals on cadmium uptaxze
(3ryan 1971) in the uncovered treatment, wnere tney occurred
2t higher levels

Significant increases in metal bioaccumulation occurred
in itne vegetation treatments (seed and soaq) High leachate
and pool lead concentrations probably accounted for tne
g-eater lead biocaccumulation 1n the sod t-eatment than 1n
conirols, altnough lead concentrations i1n gut contents we-e
21s0o high in crayfish from Tnis treatiment Contrasting
results were observed for cadmium biocaccumulation, which
showed significant 1ncreases over controls 1n the seed

rattaer than tne sod trea+ment Caamium concentrations we-e
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aprarertly affected by differences in chemical speciazion of
ie20 &nd caomium 1in pool waters -or cadmium, preaicted by
ecuillibrium modeling to precipitate under conaitions in the
vools, the associetion of high levels 1n gut-clearez
crayfish wi~h high gut loaaings suggests cadmium uptake fronm
ingested solaids Treatments with greatest reductions 1in
filtrable cadmium betwseen leacnate and pool water zalso
exhipitea high crayfisn fecal cedmium concentrations and
high BCF velues Apparently, upteke of precipitated or
eadsorbed cadmium was more i1mportant than uptake from wzter
under conditions of very low water cadmium concentrations
A similar situation was observed for lead only ain the sludge
t-eatment, which snowed very low lead concentrations in pool
water but high lead bioaccumulation High gut lead loadings
and hign fecal lead concentrations in crayfisn from this
treatoeny support the importance of upteke of lead from
ingested solids

Differences 1n metal Dbiczccumulztion among stuay
species reflect Dbiological influences as well as effects of
exposure conditions and metal chemistry Increesea leaq
bioaccumulation 1n mayflies and, to a lesser extent, midges
conmpared to crayfish mey reflect a greater suscepiibilaty
for metal uptake from water in these species ‘Wwhelan (1983)
reported similer renkings of lead biocaccumulation for these
taxa 1n samples from the Big River The mechanism for the
ooserved differences may be higher permeability of the
1nsect cuticle compared to the calcareous crayfish

exoszeleton, or simply morpnological diffe-ences such as



dissolved metals from these low concentratiors JowWever,
tne 1aportance of metal upta<e from irgestied azaterials 1n
tn.s treatnent 1s suggested by results of -1e gu--clez-znce
exverinents Hign percentages of whole-body leaa and
caaniul concentrations were lost from crayfisn from the
sludge treatment during gut clearance, and fecal samples

contained elevated concentrations of both metals

Influences on Bioavailability

The results of this study suggest differences 1n the
relative 1mportance of aqueous ana solid-onase metal upzexe
between lead a2nd cadmium Both the significant correlzt.on
of 1nversebra*e 1ead bicaccumulation witn water leaa
concentrations and the consistency of leaa 3CF ratios
indicate the i1mportance of lead uptake from solution Ye)
significant correlation weas ooserved oeiween water ana
inverteorzte cadmium concentrations ana caam..:m 3CF valuaes
were highly va~iable among treatments, apparently reflecting
ver.ab.l1ty 1in tne 1mportance of uptage of ai1ssolved
cacmium fu~ther suvpport for these differences was proviaed
by computer modeiing of metal speciation i1in pool waters,
whicn predicted leac to be present primarily as dissolvea
lead caroonate and cadmium as preciprtatea cadmiux
caroonate unaer conaitions in the leachate pools (Farwood
1384) Complexation with a1ssolved organ.cs probably
favored upta<e of bota lead and cadmium frox the agueous
prase 1n the leaf treatment

Tre .mvortance of metal uptaxe from 1nges*2a solias was
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small s.ze and/or lerge external gills wnicn 1ncrease
surface areaz and favor surface absorption of metzals (Smock
1683b) The differences are consistent witn acuecus leza
urta.e, since elevated levels of lead occurred in zayfiy and
micége despite the reduced sediment contact of these species
due to tne use of enclosures Cedmium upteke was aprarently
less affected by differences in characteristics of the stuay
species Cadmium biocaccumulation showed only minor
differences between mayflies and crayfish afver compa-able
exposure periods Cadmaium levels were higher in midges from
tre 10-day exposure than i1n other species, dbut declined to
lower levels in the larger larvae from the 25-day exposure
These aifferences suggest a surfece a~ea effect consistent
witn uptake of dissolved cadmium, despite low water
concentrations In crayfish, wnich were free-ranging 1n the
leacnate pools, cadmium uptake from 1ingestion of
conteminavted solids may have been a2 mejor cont-ibution to
caamiur biloaccumulation

The results of this study 1naicate taat vegete“ion and
orgenic cover materials can significantly increase tne
generation of biologically aveailable heavy metals 1in
ta1lings leachates The processes of solubilization,
complexation with dissolved organics, precipitation ana
zasorption on organic end inorgenic solids resulied in nigh
metal Dbioava:rlability Dissolved organic compounds such
as those present in the leef leachate increased the
soluoilization of 1lead and cadmium from tz:1lings anc

zzintainea tnese metals in solution 2as metal organic
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comdlexes The conditions of leachate formation i1n the
leaching plots usea 1n this stuay may not be a good
apo-oximation of existing conditions 1n lar~ge taiiings
viles The snzllow ta1lings deptn ana saort contact *ime of
leachates 11 the tailings plots apparently di1d not allow
readsorption end precipitation of metals, wnich occurred ain
the pools Increased tailings depth negated the effects of
cover materials on leachates generated 1in laovoratory studies
(darwood 1984) However, formation of metal-enriched
leachates does occur under present conaitions in the 014
Leac Belt tailings piles (Kramer 1976, Ha-wood 1984) The
benefi1ts of revegetation of the large tai1lings piles, sucn
as requctions in erosion and rainfzll infilzration, prooably
outwe_gh tre effects of cover materials on leaching of
netals from the tailings

The .ncreases 1n metal movilization oose~ved 1n Tnis
stucy may be relevant to the status of tailings eroaed into
st-eam and ripar.an habitats of the B.g 3rver drainage
The zassive erosion of tailings from tne Desloge tailings
pi1le and tne con*inulng erosion proolems at many of itne
tailings piles assure the presence of a large reservoir oX
heavy metals whicn are potentially available to aquatic
biota (Schmitt and Finger 1982) Tnese tailings are
distrioputed 1n relatively *nin deposits .» girect contacy
w1tn vegetation, organic detritus a2nd water, conditions
si1mi1lar to those 1n the leacni=g plLots The mobility ana
piroiogical availability of metals froam eroded mine tailings

1s .-dicated oy nigh metal concen“rations 1in 1nvertebrates



end fish froa the Big River as far as 90 kilozeters
dosnst~een from tailings inputs (Schmitt znd F.nge- 1352,
W#nelan 1083, Czarnesk: 1984) deevy metzl contam.nation of
tne 31g River svstem from both erosion and lezching of
tai1lings deposits may pose a2 threat of metal toxicity to
aquatic organisms as w~ell a2s a health concern to human

consumers of metal-contaminated fash
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CHRONIC TOXICITY OF TAILINGS LIAC-ATC

INTRGDUCTIC v

Tne toxicity of heavy metals o fisn a2nd aguatic
invertebrates has been wicely docuzented 1n laooratory
studies Standardized toxicity tests have been used to
determine metal concentrations causing 50% morzality or
immobilization (the median lethal or "effective"
concentration, LCSO or ECSO) in aquatic orgznisms 1n acute
(less than 100 hour) exposures to heavy zetals (Tabole 10)
Acute metal toxicity to aquatic orgeanisos results Irom tne
destructive action of metals on exposed o0o0dy surfaces
Precipi*z2*i1on of memb-ane proteins on gills and otner
respiratory surfaces can prevent oxygen uvtake, causing
death by rypoxia (Bryan 1971) Metzls 2lso rave sign:ficant
adverse effects on agquatic organisms aqur.ng chronic
exposures to metal levels much lower tran Tnose causing
acute lethality (Taole 11) At these los concentrations,
metals are Xxnown to 1nhibit or block enzyzme systems,
resulting 1n 1ncreasea long-term energy denmznds z2nd a
general decline in fitness (Bryan 1971, Tnoro e* 2l 1979)
Reduced survivorship and growtn, delayea developzen* ana
1napei1-ment of reproduct.on have bpeen observea . organists
unaer chronic metal stress (Unitea States Invironoental
P-otection Agency (USEPA) 1980a-e) Chron.c zmetal toxicity
nay significantly affect population paramete~s such as rates

<

of vooulation 1ncrease {(Marsnall 192C) z2nd b:10mass

produztion (Borgmann et al 1978)



Table 10

and fish in acute (<100 hour) exposures

(1low hardness-high hardness)

Test Organism

Cladoceran, Daphnia magna

Amphipods, Gammarus spp

Crayfish, Orconectes rusticus

Units are mg/liter

Jelected LCSO or LC50 values for toxicity of metals to aquatic invertebiate:

Ranges of values indicate 1nfluence of hardness

Snails, Physa gyrina

other

Tidge, Chironomus sp

Mayfly, Lphemerella sp

Trout, Salmo gairdneri

Minnow, Pimephales promelas

Sunfish, Lepomis macrochirus

Metal
Lead Cadmium Z1inc Nickel Copper
0 45-1 91* O 01-0 O7 0 10-0 66 0 51-2 34 01-0 20
0 12 0 70 8 1 4 0 20-0 41
0
1 4 14 3
0 60-4 4 39-1 7
12 i8 2 8 6 30
2 0-28 4 0
1 0-542 1 0-6 O 0 90-7 2 35 5 20-0 89
2 0-482 0 63-74 0 60-36 5 0-32 23-1 5
2 0-21 3 0-42 5 0-40 66-10

|
!

* Values cited from USLCPA (1980a-e) waler quallty criteria documents

&Y



I'able 11

[

VO

Metal concentiations caualng chronic toxicity in aquatic inveriebratcas ind

fish Range of values indicites 1nfluence of hardness (low hardness-high hardness) All

concentrations 1in ug/liter

Organlsm

Cladoceran, Daphnia magna

Amphipod, Gammarus pseudolimnaeus

Crayfish, Cambarus latimanus

Orconectes rusticus

Snails, Lymnaea palustris

Midge, Tanytarsus sp 4

Trout, Salmo gairdnerii

Salvelinus fontinalis

Minnow,

Sunfish, Lepomis macrochirus

¥ Values cited from USIPA (1980a-e) unless otherwise indicated

2=llubschmann 1966, 1978, 4=Anderson et al 1980

Pimephales promelas

3=Borgmann el al

Metal
Lead Cadmium Zinc Nickel Copper
12-128" 0 15-0 44  47-136 14 8-354 9 5-29
6 1
10!
302
252
10 9
258 3 8 36 8 16
19-102 207 550 19
7-9 2
46 106 109-527 14-28
92 50 29
t=Thorp et al 1979,

9v
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Sensitavity to chronic metal exposure 1s affected by
t1ys10log.cal or l.fe histc-y chereacte-istics whicn may

en~ance or 1nn1o01t tne toxic action of metals Res.stance

ct
ct
8]

0 —etel ¥1c.1¥ cen vary considerabtly witn dirfferences in

-

e or 11fe stage, or effects may become apparent during

a

[1,}]

periods of physiological stiress such =a2s molting,
metzmorphosis or reproduction (Bryan 1971, Forsiner and
wi1ttoman 1980) The toxicity of absorbed metzls may be
reauced by a variety of processes In freshwater
c-ustaceans, metal toxicity 1s reduced by complexation with
blood proteains and storage and excretion by organs such as
tne nepetopancreaes (Bryan 1971, Wraght 1980) or through
aosoro*ion to tne excskeleton and loss during molting
(w-.2nt 1980, ¥nowlton et al 1983)

The toxicity of metals 1s strongly influenced by
prve_cocnexz:czl conc.tions in natural waters whicn affect
tne »roportion of total metals present as free metzl 10ns,
tre forr largely resoonsible for meftal toxicity Reauction
1" rmetal 10on concertration ana metal toxicity can resualt
from complexation witn 1norganic Or organic ligands
(Freeanan et &l 1980, Sunde et el 1978) Thus metal
teyic.ty car be reduced in hard water (Davies et 2l 1976)
or water with high concentrations of dissolved organic
coapouncs {(3rown et a. 1974, Giesy et a1l 1979) Metal
Toxic.ty can also be ~educed by adsorption of metal i1ons on
suspended seaiments (Hongve e* al 1980, Schuytema et al
1984, Seduced pZ increases metal toxici*ty by favo-ing

~e_eczse 0% f-ee me+zl 1ons froo complexed or =zasorbed Iovms



L. s .

-

L-

N

e |

LUR |

48

(0'Shea and Mancy 1978, Adams a2nd Sanders 1934) In
cort-ast to the generally reduced toxici*y of oouna matals,
increases 1n cadmium toxicitiy have beesn reported _.n the
presence of humic compounas (Giesy et al 1979, Gyessing
1981, wWinner 1984) Interactions among metals can cause the
toxicity of metal mixtures to di1iffer from the simple
additive toxicity of 1ndividual metals Both antagonism
(reduction 1n toxicity, STaton 1973, Spehz~ et 21 1979) and
synergism (greater than additive toxicity, 2rown and Dalton
1970, Hale 1977, Borgmann :980) have been reported 1n
toxicity studies of metal mixtures

Despite many reports of metal contamiration, ev.aence
for toxicity of metals to aquatic organisms i1n naturel
systems 1s limited Stuaies of streams 1n wWales attriputed
impover.shed fish, i1nvertebrate and plant comaunities o
toxic metals from lezd and zinc mine wWaste deposits
(Ca=penter 1924, Johnson and Zaton 1980) Tne aist-ibution
of benthic 1nvertebrates in Palestine Lake, Indizna, was
related to differences 1n sediment meial contamination
(Wentsel et al 1977a) Shifts 11 1nsect communiiy
structure were reported 1n metal-contaminatea st-ean reaches
in Ohio (AWinner et a2l 1980) In the 01d Lead 3Be.t of
southeast Missouri, low taxonomic diversity of bentnaic
1mvertebrates and absence of i1ntolerant taxz have been
reported in the Big River and Flat River Creek Ryck 1974,
Duchrow 1983), but potential effects of metal toxicity 1n

*1ese streams may be masxed by physical .apacts of

sedimentation of erodea tailings
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Tne toxicity of leacnates from mine tz21lngs deposits ain
tne 0Olc Lead Belt has not oeen evaluated Processes of
weathe-i1rg, oxidation eand leacning within the Zlvains,
'i1ssoura, tailings pile have resulted i1n hign concenirztions
o lead, zinc and otner heavy metals 1n seepage water
entering Flat Ruver Creek (Kramer 1976) Tne mobilization
of metals i1n teailings leachates may be affected by present
land-ase practices or by proposed measures for the
stabilization and revegetation of the tailings piles (Novak
end Hasselwander 1980) Changes 1n 1leachate chemistry
associated witn plant growth, microbial decomposition and
increased concentretions of dissolved orgenic compounds
could favor the solupnilization of metals from tai1ling
deposits ana i1ncrease the toxicity of tailings leachates

This stuay evaluated the potential toxicity of
leachates from tazilings deposits to aguatic bicta 1n the Big
®iver drainage The design of the leachate generztion plots
minimized the influence 0f solid-phase tT21l1ings on
invertebrate responses, and cover mater.al t-eatzentis weve
chosen to simulate a range of conditions Ior leachate
generation under both existing conditions ana proposea
reclamation schemes for the tailings viles Chron.c
leachate erxposures using invertebrates representative of the
Big River fauna were conducted to address <the following

opjectives

(1) determine tne cnronic toxicity of m:ine tailings

leacnztes to bentnic invertedbrates,



(2) relate effects on 1nvertebrates to dr1fferences 1n tne
concentration and bioava.laoility of leachate metals
among tailings cover zaterial zreatments, ana

(3) evaluate potential leachzate efects on 1inverzzo-a“e

populations i1in contaminated habitats

RTSJLT

Crayfish Survival and Crowth

Survivorsnip of young-of-the-jyear Orconectes nais 1in

the leachate pools differed among the ireatments durirg the
120-day exposure (Fig 2) Survivorsnip 1in tne dolomite
control was higher than 1n four of the five tailings
treatments on day 30 and nigher tnan all tailings treatments
on succeed.ng sample dates After 120 days, survivorsnip 1in
tne control (57%) was Twice as great as the average of tne
five %ailings trea*ments (29%) Su~vivo-sh.ip «as lowest in
tne lezf treatment on all three dates, reaching 133 af*er
120 aays Althougn mortality patterns ai1ffered temporally
11 the uncovered, seed, and soae treatments, suarvivorsh.p in
these treatments converged at 28-33% after 120 aays
Survivorship 1n +the sludge trea*ments ai1a not di1ffer
suostantially from the control until the 120-day samvple,
wren 1T reacned 41%

Crayfisn survivorship showed significant negative
linear correlations with mean filtrable heavy aetal

conce~*rztions 11 leachate and pool water samples {Taole



Figure 2

C-ayfish survivorshio during 120-day exoosure

tai1lings leacnate D001ls Percens su-vival w~as adjusted

accoun* Io
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yzi1sh survivorship witn mezn f1l-rabdble

e 12 Pearson product-monent correlzztions (2

1=6)

F-d

QL

metal

concentirations 1n pool and lesachate w~ate~ a2nd crayfisn

saxrles One asterisk 1ndicates p<0 O, T+0 2ster.ss

ind.ca~e p<0 05

Dey Fetal
Pb Cd Zn ('n I Cu

Survivors~ip vs pool water metal concentraticns

30 -0 72 -0 g2** -0 82** -0 70 -0 S0** -0
60 -0 59 -0 89** -0 T4* -0 53 -0 73* 0
120 -0 72 -0 84** -0 80* -0 69 -0 67 -0
Survivorship vs leachate metal concent-ations

30 -0 69 -0 45 -0 90** -0 71 -0 20** o
60 -0 68 -0 47 -0 87** -0 55 -0 63 0
120 -0 80* -0 47 -0 gz2** -0 70 -0 56 0

Survaivorship vs crayfish leaa and cadmium conceni-at.ors

30 -0 48 0 03
60 -0 41 -0 25
120 -0 70 -0 28

09
11

04
17
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1 2) £ the heavy metals measured, only copper failed to
s~ow consistently negative correlations with survivorsnip
Zinc, caamium and nickel concentrations in pooi anc/or
feacnaze sanples were significantly correlated with creyfisn
percent survaival on one or more sampling dates
Correlations of lead a2nd manganese with crayfish survavel
were also strong (p=0 06 for lead, p=0 11 for manganese,
Correlations of most metals with creyfish survaval were
similer for pool and leachate samples, but cadmiuzx
correlations were significant only for pcol samples
Crayfisn survivorship was more strongly correletea with boc-
ouraens o0 lead than cadmiun

Growtn of crayfish also varied greatly among treztments
(Pigure 3) After 120 days, crayfish from the sod anc
leaf treatment snowed the greatest mean dry weight (D260
zg) Crowth wes reduced in the tailings and seea treatments
{epproy 200 rg) and the least growth occurred in the sluaage
t~eatment and control (approx 100 mg) Growth di1d not show
negative correlation with metal concentrations in water or
inverteorate tissue Growth rates were generally highest
during the second sampling interval (30-6C days) and all
t~eatments showed reduced growth during the last i1ntervel
(60-120 days)

Crayfish growth showed a consistent 1nverse
relztionsnip with survivorship Differences 1n cumulative
growtn among treatments showea significant negetive
correlations with survivorshiv after 60 and 120 days (Tanle

y Inte~val growth and surv.vorsan.p were st-ongl



Tigu-e 3 Growth of creyfish auring 120-a2y exvosure 1in

“21lings leachate pools

Mean dry weirgnt calculated fron

carapace lengtin dry weight regression, N=25 pe- treatment
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Tasle 13 Fearson product-moment cor-elation {N=6) of
crayzish 21nterval and cumulative grostn with .nte-vzl znd
camuletive survivorship during three szapling 11te~va.s
Crowth .n mean dry weight calculated from lengtn weight
regression One asterisk indicates p<0 10, tso asterisxs

indicates p<0 05

Interveal Survavel Growth
{azys) Interval Cumuiative
I Intervel -0 75*% —-——
(0-30)
II Interval -0 5% -_—
(30-60)
Cumulataive - -0 Q2¥*
ITZ Intervel -0 39 -
(60-120)
Cumulative - -0 g3*x
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£

correlatec (»<0 10) during tne first two sampling intervals

£
IR

The 1nter-elation

0

nip of survivorship and grow*1 1s furtner
suppo-tea by ariferences among sampling in-e-vals puring
tne secora 11niervael, reducea overall sSurv.vorsnip was
assocra“ea with highest growth rates The
survivorsiip growth correlat:ion wes strongest after the
secona 1interval and survivorsaip during this 1interval was

poorly correirzatad w#1Tn water metal concen-rations (Table

14)

Miacge Survaivzal, Growth and Development

Midge (Chironomus riparils) larval survivorsaip was

arffere-t.ally alfectea among cover treaitments during tae
30-day exposure 1n the leacnate pools (Taosle 15)
Survivorship «as over 90% i1n the control ana tTne uncoverea
t~eatment and was only sl.ghtly reduced 1n the seea ana
sludge treatments Lowest sSurvivorship was oose~ved 1n
larvae in the soa (75%) and leaf (58%) treatments 1.age
survaivel snowed significant negative correlations witn
leacnate and/or pool concentrations of all oetals excepnt
nickel and copper (Tavle 16) Correlation o7 surv.vorship
#1th midge lead and cadmiun oci1oaccumulation was also strong
(p<d 10)

La-~val g-ow~-h au-ing pool exposures «2s stronglv
affected cy tailings leacrates (Tabnle 15) i'lean 1ncrease 1in
larval total length was reduced in 211 tailings treatoents
cozpared to *~e dolom.te convrol Greatest ~educt.ons 1n

zi1dge g~ow~1 occu~~ed 1n tne .cai and sod treatments, to
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matle 14 Peerson product-moment correlation (i=6) of
crayf1s1 1nterval survivorship (percent surv1val/samp1¢rg
in~e-val) with mean metal concentrations i1n filtered pool
and leachate water samples One asterisz indicates p<0 10,
two asterisks 1indicate p<0 05
Interval Metzal

(aays) 2b Cd Zn Mn N1 Cu
Crayfisn i1nterval survaivorship vs ©pool water metals

I -0 72 =0 93** -0 82** <0 70 -0 g0** 0 09
(0-30)

I -0 10 -0 36 -0 25 -0 02 -0 05 0 35
(30-60)

III -0 T76% -0 49 -0 70 -0 7¢9* -0 37 -0 32
(60-120)
Creyfish interval survivorship vs leacnate wzier metals

I -0 69 -0 45 -0 90** <0 T -0 GO** 0 04
{0-30)

II -0 33 -0 19 -0 36 -0 03 013 0 30
(30-60)

iIl -0 T4% -0 02 -0 67 -0 T78*% -0 50 -0 0%
(60-120)
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Tz2b_.e 15 Survival, growth and metal biocaccumulation of
n.dge larvae following 30-day exposu~e 1n tezcnaete vools

C-0atn 2nd surv.val are means of tW#0 repl.cz*es, metzl

ccncentrations cetermined 1n single comvos.te sznmple per

t~eataent
Treatment
Control JUncovered Seea SLluage Soa veaz
Survival 90 93 85 83 75 58
(%)
Crow*h 4 8 2 3 1 7 2 8 10 13
{zz)
Py conc 07 53 2 9 59 4 2 8 3
(ug/g)
Cc conec 2 4 1 6 7 1 0 6 > 1 71
(ug/g)
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Table 16  Pearson product-moment correlation (N=6) of m:idge

survivorsnip and growth during 30-day pool exposure

Wwi*th

metal concentrations i1n pool and leacnet2 wate~ and midge

sazvles Ore asterisk indice*es p<0 10,

indicates p<0 10

Tw0 2ster.sks

Metel
Po Cd Zn Mn N1 Cu

Micge Survivorship

Pool -0 GO** _Q G3¥* .0 Q5%** _Q 88¥* -0 67 -0 26
Leacnate =0 95*% -0 23 -0 89%* 0 88** -0 54 -0 08
Vicge -0 79*% -0 T3% ——— -— -— S
Miage Growth

Pool -0 41 -0 79* -0 57 -0 37 -0 T72* -0 14
Leacnate =0 57 -0 70 -0 82¥* -0 37 -0 60 -0 12

Midge -0 29 -0 52




— L L

‘v-—-l L-| l—-——. [P

l-—-l

LS [ NS I W |

less tnan 26% of growtn 11 tne control Larval growth was
less strongly correlated then was survival with
ccncentrations of most metals 1n pool or leacnate water, and
»n2s8 not significantly correlated with lez2d and cadmiun
concentrations 1n miage larvae (Tabple 16) Survaival and
g~owtn showed a norsignificant positive correlation (r=0 59,
p=0 22)

Larval survival was not affected during the 10-day
lzporatory exposure (Tadble 17) Survivorsnip was 98% or
greate~ 1n 21l treetments 1ncluded 1n tne lab study
(control, uncoverea, sod, and leaf) Larval survivorship
remained high 1n the dolomite control tnrough tne 25-dey
exposu~e, with 94% of the control larvae reacning the puval
stage However, reductions 1n survivorship occu~red 1in tne

lings treatments during the longer exposure Differences
1in survivorsnip anmong treatments were significant after 25
deys, &nd survivorship was significently lower 11 211
t21l1ngs treatments than i1n controls (Arusxal-Wallis tesz
w:th multiple compar~isons) Mortalaity during the pupal
svage ana during emergence was nign for boith ta.lings
treatments zand convrols This mortality was apparently
related to development of a surface film causea by tne
2addition of food to the exposure containers rether thean
leazchate toxicity

La-val growth showed significant aifferences among
t~eatments i1n poth 10- and 25-dey laboratory exposures
(vrusgal-Wallis test witn multivle comparisons, Tadble 17)

<~

<~fter tne 10-day exposure, larvae from all tailings
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Tanle 17 dean larvel survival, growth znd mcetal
pi1oaccarule~ior {I=3) auring ten- znd 25-day lecorziory
Leacnate exvosures) Surviveal and lengtn means 1in e«Cn TOW
~.%1 tne szae le-*er are not significent.y a.fferent

(aruskel-+#2ll1s test with multipie comparisons procedure,

p<O 05)
Days Treztment
Control dncoverea Soa Leaf
S?éxlval 10 100 a 100 a g8 a 100 2
' 25 94 = 48 ¢ 73 o 49 ¢
Lengtn 10 11 5 & 89 b 90bY 76 ¢
(mm) .
25 - g 4 2 g 1 a 6 6 0
®p conc 10 4 3 55 7 8 13 5
(ug/g)
25 - 5 1 7 8 20 4
Ce conc 10 4 0 30 4 9 5 ¢
(ug/g)
25 —_— 1 2 2 4 2 6

No miages remained in larval stage after 25-aav exvposure
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treeztments snowed significant reductiors i1n total lergtn
relative to controls Larval growin was most sirongly
1mn'bited 1n the leaf t-eataent, whicn had 2 33% reduction
in total length relative vo controls All sarviving midges
1in t1e control bhad reacned the pupal stage z2fter the 25-day
exposure, but differences 1n larvel lengih among the
vailings vireatments were more pronounced than those ooserved
after 10 days Larval total length d.:4d not diffe-
significantly between the 10- and 25-day exposures for any
treatment (Mann-Wnitney tests), but mean length showed
slight 1ncreases 1n the uncovered and soa t-ecatments and a
reduction i1n the leaf treatment Larval lengtn in tne
tailings treatments aia not avproacn that observea i1n the
cont~ol after ten days

Growth ¢f midge larvee 1in lab exposures was aore
strongly correlated with metal bploaccuculzztion trhran J+as
sa~vival (Tzble 18 Total lengtn wes sign1fi1cartly
negative.,y correlatea with lead concent-ations 1n midge
sazples from both 10~ and 25~day exposures Coc-relation of
toter length with cadmium biocaccumulation was st-ong 011y 1in
25-day samples (p<0 10), when no con*rol samples were avail-
aole

Midge development w~as delayed or bloched 1n tne
tai1lings treatments (Figure 4) Moderate differences were
oose~ved 1in t1e 10-day exposure, when mosT 1naiviauais from
21l treatiments were in tne fourth (final) larval instar
Tnird 1nstar larvee were still present only 1n tne tailings

trea*ments (35% 1n ithe lea’f t-eatment), wr.le micges -~eacned
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Tzole 18 Pearson product-moment correlation of midge
surviversnip eanag growth with lezd and cadmiun
pioaccumuletion during 10- ana 25-day laooretory leachaze
exposures (N=12 except 25-8a2y growth, L=9Q) One z2ste-.ck

inaicates p<0 10, two asterisks indicates p<0 05

Survival Growth
10-dey 25-day 10-aay 25-azy
Lezaa 0 10 -0 58%*% -0 T2%*¥* -0 g3*+
Cadmium -0 07 -0 T8** -0 48 -0 B2*




Jigu-e 4 Midge deveiopment aurang laboratory leacna*e
e¥posares deignt of bar .ndicates percent of initizal stock
reach.ng ez2cn aevelopment stage afver 10- and 25-3dz23

exvosu-es nneans of three replicates per t-eatiment on each

aate
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<~e pupal stage only 1n the control Developmental
a.ffe-ences were more pronounced in the 25-dzy e> posure

411 survavang larvae (94%) in tne control ~ad rezcred ire

18]

]
H
o

-2 tege, compared 10¥ e1d 12% in the uncovered ara £04
t-eataoents, respectively No pupae or adults were observea
1n the leaf treatment, 1n which 30% of the midges remained
in the third larval instar after 25 days Zmergence was
elso delayed i1n the tailings treetments Adults or
unsuccessful emergents were observed in the conirol on deys

12-18, while the first emergence occurred on day 15 1in the

sod t-eatment and on day 19 in the uncovered treaztment

DISCUSSION

Toxic Effects of Leachate
Previous studies with crayfisr ana midges 1indicatea
tnear sensitivity to metals unaer conditions similer to tre

leacna*e esposures The creyfish Orconectes propinguus was

hignly resistant to acute cadmium toxicity (Cillespie et =2l
1977), but exposure to 5-10 ug/L cadmium increased mortality

in Cambarus latimanus (Thorp et a1 1979) and eliminated

populetions of Procambarus ecutus (Giesy et a2l 1979) after

five month and one yeer exposures, respectaively Adult O

virilis were resistant to copper erxposuve, but newly-hatchea

young were much more sensitive 10 copper toxicaity
[Zabschomann 1966)

idge larvae may =2lso be resistant to acute but not
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chronic metal toxicity Acute LCSO valaes o~ Criroromus
5» larvae we-e over 1 mg/L for cadmium, zinc ana nicegel,
and 30 ug/L for copper (Rehwoldt et 21 1973), out caronie
{10-day) LCSO values for cadaium, zinc zana cotper fo~ tne

midge Tanytarsus dissimilis (Anaerson et 2l 1980) were

comparable <To leachate and ©pool concen*rations of
these metals However, these differences may reflect
differences 1n metal tole~ance among chironomid 1taxa
Studies of the cnironomid community of metal-contaminated
streams {contaminated primarily with copver) found
Cni-onomus srp 2at highly contaminated sites, wnile

Tanytarsus spp occurred only at sites with lowe~ metal

tevels (Winner e%t al 1980)

Morpnologiczl and life history diifererces between
crayfisn and midges may account for the dirfferent responses
of tne two species to leachate metals Reduction 1n
crayfisn sarvivorsnip without sublethal effects on growth,
as seen 1n leachate exposures, #as prev.ously reportea 1in
long-term cadmium exposures (Thorp et =zl 1979) Tane
ap1lity of creayfish to 1ncrease growth aespite ~ecuced
survivorship suggests that crayfisana may be only
1intermittently vulnerable to metal toxic:ty Although *ris
could result from temporal variation 1n leechate metal
concentrations, crayfish may have become sensitive to metal
“oxicity only during molts Increased uptaxe of caamiua by

postaolt amphipods, Gammarus pulex (Wright 1380, and snore

c~ap, Carcinus maenas (Wrignt 1977a), +as atzir.buted to

P

cranges 1n calcium regulation occurring auring ine
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crustacean molt cycle High cadmium toxicity was associzted
wita i1ncreased cadmium uptake in postmolt individuals ¢f
botn species (Wrignt 1977b, +#right and Frzin 1981) retals
eccumulated i1n the crayfish exoskeleton {(Anderson 1978,
knowlton 1983) may be releasea zlong with calcium during the
premolt phase, further increasing metal exposure of molting
individuals These mechanisms would result 1in pulses of
metal toxicity during molts Loss of accumulated metzals
with the cast exoskeleton and the low metal permeability of
tne crayfish exoskeleton during intermolt periods w~ould
reauwce metal exposure, allowing survavors to cepitalize on
increased food availability

The response of midge larvee to leachate exposure 1s
more consistent with chronic metal toxicity Wen*+sel et 2l
(1977b) observed sublethal reduction of larval growth 1in

Chironomus tentans exposea to metal-contaminated sediments

end speculated tnat growth reductions i1ndicated 1mpeirment
of normal development, as was observed in this study in
laboratory leachate exposures A noticezable reduction 1n
red pigment in larvae from tailings treatments relative to
controls suggestea that heme synthesis, known to be aifected
by leaa 1n verteorates (Hodson et al 1978), may have been
inhibited in miages during leachate exposure Chronac
effects were observed 1n all midge aquatic life stages,
suggesting tnat the relatively permeable midge exoskeleton
ellowed continuous metal exposure throughout leechate

ey posures




Influences on Leachate Toxicity

Consistent patterns among tailings cover treztmen+*s
we~e evicent 1n leachate and pool water metal concentra-ions
amra 1n the effects of leachate exposure on aquatic
1nveriebrates Leachate toxicity ranged from tne unireated
and sludge treatments, which had lowest water metal
concentrations 1n water and reduced effects on
invertebrates, through tne 1ntermedia*e seed and soa
treatments to the leaf treatment, which had highest metal
concentrations and most severe toxic effects

Several metals were present 1n leazchate and pocl water
at concentrations exceeding water quality criteria
estaplished oy regulatory agencies of the United States ana
Canaaa (Table 19) These criteria have peen develoved 0
prevent toxic effects on aquatic biota ovased on lzaboratory
2na fi1ela studies of metal toxicity (USEPa 1980a-e, Canada
1880) Mean pocl and leacnate concent-ations of leaaq,
caanruz, zinc and coppe~ exceeaed water quelity crite-ia for
chronic metal exposures, and mean leachdate concenirations c¢f
caazmium, zinc and copper also exceeaea criteria for mavimum
allowenle snort-term concentrations

Tne 1mportance of water metal concentrations 310
leachate tox:icliy was supported by tneir stirong correlation
w111 1nverteorate survival and growth i1in leacnate exposures
Czazium and zinc concentrations in pool and leachate wate-,
resoectively, showed the strongest correlations with all
vtox.c effects observed 1in 1irvertebrates dur.ng leacnate

exvosure Leaza, manganese and nickel concentrations also
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Table 12 United States and Canazuz water quzality c-r1iter.a

>

fo~ heavy metals

All concenirations exvressed as ug/L

U s EpA"
24-hr average
Instentaneous

%* %
Canada

Metal
Po Cd Zn N1 Cu
3 8 0 025 47 96 5 6
170 30 320 1800 22
5-30 02 50 25-250 2 0

Meximum 2llowadble 24-hour average and 1instantaneous

total recoveranle metal concentrations, respectively,

oasea on hardness of 100 mg/L as CaCOz (USEPA 1980z-e)

* %

Canaaa Depariment of Cnvironment (1980)
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showed strong negative correlations, 2and eacn of these
mnetals was significantly correlated w~_.th at lezst one
inverteorate effect Copper concentrations were not strongly
correlated witn any 1nvertebrate effects

Tne nature of the leachate ana pool metal data limit
the attribution of inverteorate effects To a specific metal
or metal mixture The usefulness of the wsater metzl data .s
reduced by the long sampling 1i1ntervals (approximately
monthly) and tne small number of water anzlyses for each
treatment The data allow comparison of pool and 1leachate
composition over the entire exposure pe~i0d, but do not
inagice*e snorter-term fluctuations or ftrends wnicn may have
nad 1mportant effects on leachate toxicitvw Inter-
correlation of metal concentirations in pool water zmorg
t~eetments 21so limits tnhe evaluation of 1ndividual metal
toxicity (Table 20) Mean lead, ceaziuaz and zuinc
concentrations were significantly inter-co-relatea and these
netals we-e all sirongly (pﬁO 10) correlated wita manganese
Micker was significantly correlated only witn caemium, ana
copoer aia not snow significant correlation witn any o-ner
a2etal :n pool water

Interactions among metals i1n the tailings leachates nay
nave affectea the contrioution of 1naivigqual metazls to *he
overall toxicity of tne leachates dntagon.stic
inte~actions nave veen reported from s*ud.es of fish exvosea
to metal mixtures sucn as cadmium and zinc (Zaton 1973,
Spehar et al 1978) and lead and copvoer (Ozoh 1979)

~oweve~, =metal i1nteractions are often complex, 2s .1 a2 s~ uly
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Tanle 20

pcol

water metal concent-ecz

i10ns

Pearson product-acment correlation 2mong mean

(N=6

One asteriscz

ira.cates p<O0 10, two ester.szs indicates p<0 05

Pb
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Mn

Cd
O 82**
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Zn
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Mn
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Cu
0 15
0 21
013
0 23
0 &7
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0f metal toxicity to pnytoplankion (Pietilainen 1976) which
found lead and cadmium acted syne-g:sticzlly or
antagonisticelly when cadmium or lead, ~esvectively, was at
g-eater concentration evertheless, many studies of
mixtures of three or more metals have found a2dditive or
synergistic 1ncreases 1in toxicity, despite the presence of
reportedly antagonistic metal pairs (Brown and Dalton 1970,
Zaton 1973, Eale 1977, Borgmann 1980)

Although 1nvertebrate metal bioaccumulation has
advantages over water metal concentrations as an irdicator
of heavy metal pollution (weh-ing 1976, Nen-ing et =2l
1979), metal oiocaccumula*ion did not closely reflect metal
toxicity 1n this study Metal biocoaccumulat.on wezs
negatively correlated witn 1inverteorate survivorsnip {(botn
species) and growth (m:1dges), but correlations were
generally weake~ than tnose witn pool or leazcnate mezal
concentrations Caamium biocaccumulation was less s*rong.-
correlated witn 1invertebrate effects tnan was leza
p.oaccumulation, despite tne stronger correlation ol effects
w1tk water cadmium concenirations

Tne rela*.onsnip petween popicaccumulziion znd tox.ciiy
can be affected by adaptations of exposed organisms ana ine
chemical behavior of metals vietal bina.ng proteins wnich
reauce tne toxic.ty of aosorbed metals have oeen reported in
potn fisn and 1nvertedbrates (Bryan 1967, Dixon and Sprague
1981, Taloot and magee 1978) Metals may 2also be
accumulated to high concentrations withouat zpvarent toxicitv

in storage organs as pert of roraal regulzzt.on of essenticl
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retars (Bryan 1967) or es an adaptation to metz2l-

corzaminated environments (3rown 1977, 1¢7§&, The

th

nepetopancreas of crustaceans 18 & major storezge s.te fo-

Y

2osorbea =zetals ana mey be espec.alLrLy 1mport=nt fo-
accumualation of metals absorbea from stomacn contents (Zryan
1967, Brown 1977, Wragnt 1980) Differences 1in tne chemicel
characteristics of metals mey elso affect tne tox.city of
accunulated metals Binding to complexing agents can change
the toxicity of metals without affecting biroavailabilaty
(Winner 1984) } similar effect may have occurred 1in
leachate exposures, as cadmzium rapidly aecreased in the
liquid phase (Earwood 1984), but remained availabple for
upteke by crayfish, epparen*ly from ingested sol:ids If
tor¥ic.ty of metzls a2bsorbea from gut contents was reduced
relative to dissolved metals, gut metal uptake may have
maslea tne toxic significance of metal boay bdburaens during
leacnate exposures

The distribution of metals among 10oric, cormplexed zana

solia forms, and corresponding differences in toa:icaity,

ct

could have been =affected by differences 1in ne
physicocnemical characteristics of leacnates among tailings
cover treatments Minor differences i1in pz and hardness
probap.y would not have significant effects on mesal
toric.ty, altnough lower pE would increzse the proportion cf
Mi1ignly toxic free metal 1on present (Forstner and Wittman»
1980, Earwsoo0d 1984) Reduciion 1n free metal 1o~

concentrations would result from both complexation with

ino-ganic and organ.c ligands and adsorption or
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p-ecipitation to the solid phase Harwood (1984) reported
reduced proportions of dialyzaole metals (soluonle foras,
1including metz2l 10ons, dissolved coxpounds and low-molecula-
welight complexes) 1in pool w~aters comparea o leacnates
Dialysis stuaies 1ndicated tnat metals were associated with
high-molecular weight fractions 1n pool wate-s Similarly,
computer modelling predicted precipitation of cadmium and
zinc after equilibration 1n leachate pools, bu- 1ndica-ea
that lead, zinc and cadmium would occur largely as soluble
complexes 1n tne presence of humic acids (Har ood 1984)
Although complexation with organic ligands has been
reported to reduce metal toxicity (Spragae 1968, Brown et
2l 1974), some types of dissolvea organic compounds have
been shown to i1ncrease the toxicity of complexed metals
(Cresy et =21 1977, Winner 1984) Cnaracteristics of
arssolved organic compounds such a2s molecu_a~ weight ana
cnexnical structure apparently affect the stability of
metal organic complexes, thus affecting metal tox:icity by
determining tne lability o= availability of complexed metal
1ons (Bryan 1971, Giesy et al 1977) Measurzble
proportions of non-labile (strongly—bound) lead, caamiun ana
n.ckel occurred in most filtered leachate and pool saaples
iron the leaf treatment and i1n occasional semples from eall
other treatmenis except tne uncovered tailings Tne sludge
t~eatment leachate showed detectable proportions of non-
lanile lead, cadmium and zinc 1n sone saaples, out
characterization of metal species i1in tn.s “reatment wvas

1nconclusive (Za~wood 1384) Differences .n craracteristics



of metal orgen.c coxmplexes between the leaf znd s.udge
tezchzve ma) have i1nfluenced tne observed disperity 1in
leacnate toxicity despite high DOC concenirations in ooth

poeols

Iaplications for Ixposed Populations

The type and severity of effects observed during
leachate exposures have different implicetions for
poprulations of crayfish and midges under similar exposure
conditions Compensatory growth increases of crayfish in
low-survival =z<reatments resulted 1n 1ncreased bionass
production 1n pool exposures BEowever, this result is an
artifact of food limitaztion, end 1s unlikely to occur in
naturel systems, where tne two- to four-fola reduction in
survivorship would probadbly heve a2 detrimental effect on
crzyfish proauction Leachate effects would probably be
more severe duraing full life-cycle exposure, since metal
toricity 1s revortealy greatest for newly-haiched crayfish
(ruosenaann 1966) Reduced young-of-the-year survaivorship
coulc lead to eventuzl elimination of populations Iron
hebitats receiving leachate 1nputs, even 1n the absence of
effects on adalt creyfisn

Results of midge exposures indicate that leechate
toricity could seriously affect midge populations
reductions 1n both growtn and survivorship would markedly
reduce midge biomass production under leachate exposure
Inhibirtion of normel develovwzent would also limit the

2aoility of a vopulation to compensate for nigh mortalai+y
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»17%1 1ncreased reproduction However, midges 2re a bhignly
=oo1le and opportunistic group witn multivolitine life
cycles, zna popuiatlons in 1avacted nabitats mignt be
maintalnea oy 1ams:gration of ovipositving females

Leachate and pool metal concentrations causing toxic
effects on 1nvertebrates i1n this study are compzarable to
those reported from contaminated sites in the Big *iver and
1ts trioutar.es Leacrate concentratiors of lead, caamium
and zinc were lower than those reported i1n seepage froa the
Zlvins tailings pile (Kramer 1976), but similar to saamples
froa a drain at the Desloge pile (Harwood 1984)
Concentrations of tnese metals i1n pool water were lower tnan
concentrations reported from the Big “iver 2at Desloge
(Scnmitt and Finger 1982) or from lower Flat River Creek
(Kramer 1976) dowever, metal toxicity is prooably reaucea
1n these habitats due to tne antagonistic effects of waver-
haraness (aporoximately twice as high i1n the Big River ana
Flat River Creek a2s 171 the leachate pools, Pyck 1974,
Scnmitt a2nd F.nger 1982) Leachate 1mpacts in these st-eans
are also reduced by diiru*ion and loss of wmetals from
solution, which rapidly reduce filtrable metal
concentrations away from seepage inputs (K-zmer 1976)
teve~theless, mobilization of metals 1n leacnates f-om
*z.lings piles ana similar processes occur-ing 1n tailings-
con*am.natea stream sediments combine to maintain elevated
concentrations of dissolved metals 1n contamineted reacnes
of the Big River drainage wnich may have significant aave-se

efi2cts on aouatic organisas
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Th.s study also i1ndicated that inputs of organ.c neaizer
or efforts to establish a vegetative cover cou.d
sigraificantly 1i1ncrease the toxicity of leacnates Jron
ta1lings deposits Vegetative cover cazused only moderate
1ncreases 1n leachate toxicity relative to leachates fron
uncovered tailings, and data presented by Earwood (1984)
suggest that vegetation 1mpacts may be of snort duration,
especially comparea to the 1long-term bYenefits of
revegetation However, some organic cover materials head
more severe effects, reinforcing previous concerns (liovak
and Hasselwander 1980) ebout the continuing operation of the
sanitery lanafill on the Desloge tailings pile Such lerge-
scale invuts of decomposing organic matter may substiantially
increase tne ioxicity of leachates from tailings deposits <o

2guatic Organisms
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